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SPECIFICATION ^ „ ,. 

Mercaptoacyi Derivatives of Various 4-Substrtuted Prolines 

This invention is directed to new mercaptoacyi derivatives of various 4-cis substituted prolines of 
formula I and salts thereof (I) 
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«3 \^ \ I ' 



R -S-{CH)-CH-CO— N ^VHf^^ 

H 

R represents hydrogen or lower alkyl. 

R, represents— (CHjjm—cycloalkyI, l-cyclohexenyl, 1 .4-cyclohexadlenyi,. 



— {CHj)„— (a-naphthyl),— (CHj)„— (j8-naphthyl), 

-<^«2'tirfl and -<c«2>5rCO] 10 



and R3 are independently selected from hydrogen, lower alkyl, lower alkylthio and halo 
substituted lower alkyl. 

n is zero, one or two. , , „ . , . 

R4 is hydrogen, a hydrolyzably removable protecting group, a chemically removable protecting 

15 group, or 

H 

;< 

R R H C CH 

-S-(CH)-CH-C0— -N ^^lT 

H 

m is zero, one, two or three. ^ . u 

R. is hydrogen, lower alkyl of 1 to 4 carbons, especially methyl, lower alkoxy of 1 to 4 carbons, 
especially methoxy, lower alkylthio of 1 to 4 carbons, especially methylthio, chloro, bromo, fluoro, 
20 trif luoromethyl hydroxy, phenyl, phenoxy, phenylthio, or phenylmethyl. The hydroxy substituted 

compounds are obtained by heating the con^esponding methoxy substituted compound with pyridine 
HCI 

' q is one, two or three provided that q is more than one only If R5 is hydrogen, methyl, methoxy, 
chloro or fluoro. 

25 X is oxygen or sulfur. . . _. u * 

The invention in its broadest aspects relates to the •"^"^PtoacyM-substrtutedjd^ 
formula I above, to compositions containing such compounds and to the method of using such 

^'"''S^rm foteXTitSfining the symbols R. R. and R are f aight or b^^^^^^^^^^^^^ 
hvdrocarbon radicals having up to seven carbons, for example, methyl, ethyl, propyl, isopropyl, bu^l, 
' £?bJS tiuSl SntyM etc. The preferred lower alkyl groups are up to four cart>ons with 

meSy and X moS preferred. Similarly, the terms lower alkoxy and lower alkylthio refer to such 

'""^SeTc^yS^^^ 3 to 7 carbon atoms with cyclohexyl being most 

35 P^^^^-if^d- 3,b3tituted lower alkyl refers to such lower alkyl groups d^s^^^bed ^.Jl^^l^^^^^^^^ 

one or more hydrogens have been replaced by chloro. bromo orfluoro groups such as trifluoromethyl. 
ih iTS;^e^t,%ntafluoroethyI.l2^^^^^^ 

The term hydrolyzably removing protecting group employed in defining R4 refers to a group max 

40 can be removed by conventional hydrolysis orammonolysis. Acyl groups of the formula 



15 



20 



25 



30 



35 



40 
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are suitable for this purpose wherein Rg can be lower alky! of 1 to 6 carbons, lower alky! substituted 
with one or nriore chloro, bromo orfluoro groups, —(CHj)^— cycloalkyi, an aryl group such as 



a hetero group such as 

-(CH,) 



'2^i^ or -i^»2^s:(p}. 



wherein m, Rg, q and X are as defined above. Preferred protecting groups are the lower alkanoyi groups 
having up to four carbons, especially acetyl, and benzoyl. 

The term chemically removable protecting group employed In defining R4 refers to groups such as 
p-methoxybenzyl, p-methoxybenzyloxycarbonyl, t-butoxycarbonyl, etc. These groups can be removed 
1 0 without effecting the remainder of the molecule such as by treatment with trifluoroacetic acid and ^ 0 

anisole. 

As shown in formula I, the substituent R, is In the cis-configuration with respect to the 
asymmetric center in the proline ring which is in the L-configuration. Of course, an additional 
asymmetric center can be present in the mercapto sidechain depending upon the substituents Rj and 

1 5 R3. The products of formula I can accordingly exist in stereoisomeric forms or as racemic mixtures 1 5 

thereof. All of these are within the scope of the invention. The synthesis described below can utilize the 
racemate or one of the enantiomers as starting materials. When the racemic starting material is used in 
the synthesis procedure, the stereoisomers obtained in the final product can be separated by 
conventional chromatographic or fractional crystallization methods. Preferably, if there is an 

20 asymmetric center in the mercaptoacyl sidechain, it is in the D-configuration. 20 
Preferred compounds of formula I are those wherein R is hydrogen; R, is cyclohexyl or 



.(CH^) 



^5 



wherein m is zero, one or two, and R5 is hydrogen, methyl, methoxy, methylthio, chloro, fluoro, 
trffluoromethyi or hydroxy; Rj is hydrogen, methyl, trifluoromethyl, or methylthio; R3 is hydrogen; n Is 
25 zero or one; and R4 is hydrogen. Also preferred as intermediates are the above compounds wherein R4 25 
is acetyl or benzoyl, especially acetyl. 

The compounds of formlula I are obtained by coupling the 4-cis substituted proline of the formula 



(II) i 



H R, 
/ \ 



Crrr — COOR 
H 



with an acid or its chemical equivalent of the fomiula 



30 



R3 R2 

30 (ill) R'^_S— (CH)„— CH— COOH 

wherein R'^ is hydrogen, Rg — CO — , or a chemically removable protecting group to yield the product of 
the formula 

H R, 

c 

R» -s- (CH) — CH-CO — N C COOR 

4 n I (LJ 

H 

This reaction can be effected in the presence of a coupling agent such as 
35 dicyclohexylcarbodiimide or the like, or the acid can be activated by formation of its mixed anhydride, 35 
symmetrical anhydride, acid halidc acfive ester or use of Woodward reagent K, N-ethoxycarbonyl-2- 
ethoxy-1 ,2*<dihydroquinoline or the like. For a review of the methods of acylation, see Methoden der 
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Organishchen Chemie (Houben-Weyl), Vol. XV, part II, page 1 et seq. (1 974). Preferably, the acid 
halide, especially the acid chloride, of formula III Is reacted with the acid of formula II. 

If the proline of formula II is reacted in the ester form the resulting ester product of formula IV, 
i.e., R is alkyi, can be converted to the free acid, i.e., R is hydrogen, by conventional means. For 
5 example, if R is t-butyl this ester protecting group can be removed by treatment with trifluoroacetic 5 

acid and anisoie. ... . u x • ♦u 

The product of formula IV is preferably isolated and purified by crystallization, e.g., by forming the 

dicyclohexylamine salt and then converting the salt to the free acid form by treatment with an aqueous 

solution of an acid, such as potassium acid sulfate. j * * 

1 0 The product of formula IV bearing the acyl group Rg— CO— can be converted to the products of 1 0 

formula I wherein R4 is hydrogen by conventional hydrolysis or by ammonolysis. 
The products of formula I wherein R4 is 

;< 

R3 R2 H C CH 

I I I I ' 

~S-(CH)jj-CH~C0— N C^-jj- COOR 

H 

i.e., the product is a symmetrical bis compound, are obtained by directly oxidizing with iodine a product 
15 of formula I wherein R^ is hydrogen. 1 5 

The esters of formula I wherein R is lower alfcyl can be obtained from the carboxylic acid 

compounds, i.e., wherein R is hydrogen, by conventional esteriflcation procedures, e.g., by 

esterlfication with a diazomethane, a 1-alkyI-3-p-tolyltriazene, such as 1-n-butyl-3-'p-tolyltriazene, etc. 

or by reaction with an alcohol in the presence of sulfuric acid. 
20 The 4-cis substituted proline intermediates of formula II wherein R^ is 20 



— (CHj)^— cycloalkyi, — (CH^)^— (a-naphthyl), — (CHj)^— (^-naphthyl), 
-<CH,)„-^-n| or -(CH3)-(3) 

can be obtained by hydrogenating the con^espondlng 3,4-dehydro-4-subst!tuted proline of the formula 

^ 

c 

/ ^ 

25 <V> T 26 

HN C .ZTT— COOR 

H 

The preparation of these 3,4-dehydro-4-substituted prolines is disclosed in British patent application 
No. 8033961 (Serial No. 2 061 933). As disclosed therein, an N-i)rotected 4-keto proline of the 
formula 

o 

II 

H.C CH, 

(VI) 2 1 I 2 

protected-N C-COOR 



30 wherein R Is hydrogen or t-butyl is reacted with a solution of the Grignard or lithium reagent 30 
(Vll) R, — Mg — halo or R, — Li 
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wherein halo is Br or CI and the N-protecting group is carbobenzyloxy or other suitable acyl protecting 
groups, to yield 



(VIII) V 

I I 
protected-M COOR 

R 

The compound of formula VIII will usually be obtained as a mixture of cIs- and trans-hydroxy Isomers 
r«iro!!?nH r ^-^'d °' ester group. This mixture can be sepaiBted Into the Individual cis- 5 

hydroxy and trans-hydroxy isomers atthls point of the synthetic procedure and the isomers can be 
purified by ct^allization. by conversion to a salt form such as the 1 -adamantanamine salt, or by 
chromatographrc means. » «■ wy 

.A . . ^ hytlroxy intermediate of formula VIII is treated with a dehydrating agent such as p- 

1 0 toluenesulfonic acid, sulfuric acid, potassium bisulfate, or trifluoroacetic acid to yield 1 0 

^ 

c 

(IX) H-c'^ ^CH 

'I I 

protected-N c coOR 

I (L) 

The N-protecting group and the ester protecting group if prese" t can then be removed by conventional 
procedures to yield the dehydroproline of formula V. Alternatively, the dehydroprollne of formula V 
can be obtained in a single step by treating the N-protected 4,4-disubstituted proline of formula VIII 
1 5 with a mixture of concentrated HCl and acetic acids and then neutralizing with ammonia 1 5 

The 4-cis substituted proline of formula II wherein R, is cyclohexyl are preferably prepared by 
hydrogenatmg the corresponding compound wherein R, is phenyl. Similarly, reduction of the 4-cis 
phenylproline mtermediate of formula II with sodium or lithium In liquid ammonia according to the 
on ^'^P^f'i'^ of Weisenborn et al. in U.S. Patent 3,485,8 1 9 yields the intermediate of formula II wherein 
20 IS 1 ,4-cyclohexadienyl. Further hydrogenation of the resulting 4-cis-( 1 ,4-CYclohexadienyl)-prollne 20 
fnS^edfate^^^ procedure of Naito in U.S. Patent 3,946,000 yields the corresponding l-cyclohexenyl 
The intermediate of formula II wherein R, Is 

25 — (CH j)„— cycloalltyl, — {CHj)„— (a-naphthy I), — {CHj)„— (/3-naphthyl), 

-'^«2>«ir!l or -<CH,)^ 

and m is other than zero can also be prepared by reacting the N-protected 4-keto proline of formula VI 
with a triphenylphosphorane of the formula 

(X) 

30 or a triaikylphosphorane of the formula 

(XI) (alkyOg— P=Ry 

to yield the intermediate 

^ 

(xii) ^1 1 

protected-N ^ 

I (L) 
H 



25 
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wherein is 



45 



60 



CH— (CHj)p— (a-naphthyl). CH— (CHj)p— (^naphtliyl). CH— (CHJp— cycloalltyl, 

5 and p is zero, one or two. Hydrogenation of the intermediate of formula XII f "^^^renioval of the^^^^ 5 
protecting group and ester group If present by conventional procedures yields the 4-cis substituted 

""'''"iht compounds of the invention form basic salts with a variety of inorganic or organic bases. The 
salt forming ion derived from such bases can be metal ions, e.g., aluminum, alkali metal ions, such as 

to sodium or potassium, alkaline earth metal ions such as calcium or magnesium, or an amine salt Ion, of 10 
which a number are known for this purpose, for example, aralkylamlnes like, dibenzylarnine, N,N- 
dlbenzylethylenediamine, lower aikylamines like methylamine, t-butylamine, P'^<5'"«' '°wer 
alkylpiperidines like l^thylplperidlne, cycloalkylamines, like cyclohexylamine or dicyclohexylanmne, 1- 
adamantanamine, benzathine, or salts derived from amino acids like arginine, lysine or the like. The 

1 5 physiologically acceptable salts like the sodium or potassium salts can be used medicinally as 1 5 

described below and are preferred. These and other salts which are not necessanly Phy«otog.cally 
acceptable are useful in isolating or purifying a product acceptable for the purposes defcnbed below, 
as illustrated with the dicyclohexylamine salt In the examples. The salte are P^°='"*'«i'?y 
acid form of the compound with an equivalent of the base supplying the desired basic j^an n a medjun, 

20 in which the salt precipitates or in aqueous medium and then lyophilizing. The free acid fo m can be 20 
obtained from the salt by conventional neutralization techniques, e.g.. with potassium bisulfate. 
hydrochloric acid, etc. 

The compounds of fomiula I wherein Is hydrogen. 



25 or the disulfide type substituent. especially wherein R, Is hydrogen, are useful as hypotensive agents 25 
?hey inWbit the^nversion of the decapeptide angiotensin I to angiotensin II and. therefore, are useful 
in relieving angiotensin related hypertension. The action of the enzynie renin on angiotensin, a 
pseudoglobuli? in blood plasma, produces angiotension 1. Angiotensin I is converted by angioten^n 
converting enzyme (ACE) to angiotensin II. The latter is an active pressor substance whl^ has been 

30 Implicated as the causative agent in various forms of hypertension in vanous mammalian species. e.g., 30 
rats and dogs. The compounds of this invention intervene in the angiotensinogen -* (renin) 
angiotensin I -» (ACE) angiotensin II sequence by inhibiting angiotensin converting enzyme and 
reducing or eliminating the formation of the pressor substance angiotensin II. Thus by the 
administration of a composition containing one, or a combination of c°'"PO""f ' """'[TJ^^^^^ . 

35 angiotensin dependent hypertension in the species of >"arnmal suffenng therrfrom^s alleviate^^^ 35 
single dose, or preferably two to four divided daily doses, provided on a liasis of about 0.1 ^ ^ 00 mg. 
Ser kllogra^ of body weight per day, preferably about 1 to 1 5 mg. per kilogram of body w^-jht Per day 

. is appropriate to reduce blood pleasure. The substance is preferably ^d"? "'^^^f^^ ^^''^^^^^^^ 

routes such as the subcutaneous. Intramuscular. Intravenous or intraperitoneal routes can also be 

40 BrnpioyBcl. 

The preferred compounds of formula I as set forth above are particularly useful in treating 
hypertension because oftheir long duration of activity. . . j. 

The compounds of this invention can also be formulated in combination with a diuretic for tne 
treatment of hypertension. A combination product comprising a compound of this invention and a 
diuretic can be administered in an effective amount which comprises (for a 70 kg. mammal) a total 
daily dosage of about 30 to 600 mg., preferably about 30 to 300 mg.. of a compound of this invention, 
and about 1 5 to 300 mg., preferably about 1 5 to 200 mg. of the diuretic, to a maitimalian species in 
need thereof. Exemplary of the diuretics contemplated for use In combination with a compound OT tnis 
invention are the thiazide diuretics, e.g., chlorthiazide. hydrochlorothiazide, flumethiazide, 
hydroglumethlazide, bendroflumethiazide. methchlothiazide, trichlormethiazide, polythiazide or 
benrthiazlde. as well as ethacrynic acid, ticrynafen, chlorthalidone, furosemide, musolimlne, 
bumetanide. triamterene, amiloride and spironolactone, and salts of such compounds. 

The compounds of formula I can be formulated for use In the reduction of blood pressure in 
compositions such as tablets, capsules or elixirs for oral administration or in sterile solutions or 
55- suspensions for parenteral administration. About 1 0 to 500 mg. of a compound or mixture of 55 



40 



45 



50 
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compounds of formula I is compounded with a physiologically acceptable vehicle, carrier, excipient 
binder, preservative, stabilizer, flavor, etc., in a unit dosage form as called for by accepted 
. pharmaceutical practice. The amount of active substance in these compositions or preparations is such 
that a suitable dosage in the range indicated is obtained. 
5 Illustrative process details are set forth In the following examples for the various reactions. These 5 
examples are preferred embodiments and also serve as models for the preparation of other compounds 
of this invention. The temperatures are given in degrees on the centrigrade scale. 

Example 1 

[1 (S),4R]-1 -[3-{Acetylthio)-2-methyl-1 -oxopropyl]-4-phenyl-L-proline 

10 a) N-Carbobenzyloxy-cis-4-hydroxy-trans-4-phenyl-L-proline 

65 Ml. of 3.2 M phenylmagnesium bromide in ether (0.21 mole) is added to a stirred solution of 
23.8 g. 40.09 mole) of N-carbobenzyloxy-4-keto-L-proline (prepared according to Patchett et aL, J. 
Amer. Chem. Soc, Vol. 79, p. 1 89 — 1 92) in 700 ml. of tetrahydrofuran over a period of 1 5 minutes 
while the temperature Is maintained at 20 — ^25°. A gelatinous precipitate begins to separate after 45 

1 5 ml. of the Grignard solution is added. After stirring overnight, most of the precipitate dissolves. The 
mixture is cooled to 1 5°, treated with a solution of 25 g. of ammonium chloride in 250 ml. of ice- 
water, stirred for one hour, and acidified with 35 ml. of 6N hydrochloric acid. The organic phase is 
separated and the aqueous layer Is extracted twice with 200 ml. of ethyl acetate. The organic phases 
are combined, dried (MgS04), filtered, and the solvent evaporated to give 32 g. of tan foam-like solid. 

20 This material is treated with 200 ml. of ether — 1 25 ml. of N sodium hydroxide, shaken in a separatory 
funnel and filtered to remove the gelatinous material at the interface. The aqueous phase is separated, 
acidified with 22 ml. of 6N hydrochloric acid and extracted with 1 00 ml. of ethyl acetate. The layers are 
separated and the aqueous phase is extracted twice with 50 mi. ethyl acetate. The organic phases^re 
combined, dried (MgSOJ, filtered and the solvent evaporated to give 27.3 g. of a pale yellow foam-like 

25 residue. This material is treated with 1 50 ml. of ether to give a solution from which the product 

crystallizes. After cooling overnight, the mixture is filtered to give 1 1 .8 g. of coloriess solid, m.p. 1 20 — 
1 22°. Crystallization from 22 ml. of ethyl acetate — 22 ml. of hexane yields 1 0.1 g. of N-carbobenzyl- 
oxy-cis-4-hydroxy-trans-4-phenyl-L-proline; m.p, 121 — 123°; larJg^-32° (c, 1% in CHCI3). Additional 
product can be obtained l^y concentrating and cooling of the filtrate. 

30 Anal. Calc'd. for C^gHigNOg: 

C, 66.85; H,5.61; N,4.10 
Found: C, 66.67; H, 5.50; N,3.99 

b) N-Carbobenzyloxy-3,4-dehydro-4-phenyM-proline 

8.0 g. (0.024 mole) of N-carbobenzyloxy-cis-4-hydroxy-trans-4-phenyl-L-proline is dissolved in 
35 40 ml. of triftuoroacetic acid and the solution is kept overnight at room temperature. The bulk of the 35 
trifluoroacetic acid is removed on a rotary evaporator. The yellow-orange liquid residue (1 6 g.) is taken 
up in 80 ml. of methylene chloride, and washed with 40 ml. of water. After back-extracting the wash 
with 40 ml. of methylene chloride, the combined organic phases are dried (MgS04) and evaporated to 
give 8.5 g. of N-^3arbobenzyIoxy-3,4-dehydro-4-phenyl-L-prollne as a yellow-orange sticky residue. 

40 c) c!s-4-Phenyl-L-proline, hydrochloride 

A solution of 8.5 g. (0.024 mole) of N-carbobenzyloxy-3,4-dehydro-4*phenyi-L-proline in 1 80 ml. 
of methanol Is treated with a slurry of 3.0 g. of 5% palladium-carbon catalyst in 20 ml. of water and 
shaken on a Parr hydrogenator for three hours under 3 atmospheres of hydrogen. The hydrogenation 
appears to be essentially completed within 45 minutes. The catalyst is filtered off under nitrogen, 

45 washed with methanol, and the combined filtrates, after treating with 25 ml. of N-hydrochloric acid, 
are evaporated, finally at 0.2 mm. The pinkish mostly solid residue is taken up in 200 ml. of methanol 
and the evaporation is repeated. After rubbing under 1 50 ml. of ether and again repeating the 
evaporation, the pink solid (5.5 g.) Is triturated with 30 ml. of warm acetonitrile (most of the color 
entered the solvent) and cooled ovemight to give 3.9 g. of pale pink solid of cis-4-phenyl-L-proline, 

50 hydrochloride; m,p. 1 1 5—1 1 7° (foaming) (s, 1 09°); laJg5+5° (c, 1 % in methanol); laJg^+26° (c, 1 % 
in pyridine). 

Anal. Calc'd. for C„H,3N02 • HCI - 0.75 H^O: 

C,54.77; H, 6.48; N,5.81; CI, 14.70 
Found: C, 54.45; H,6.47; N,5.71; Ci, 14.88. 

55 d) t1(S),4R]-1-[3-(Acetylthio)-2-methyl-1-oxopropyl]-4-phenyl-L-proIine 55 

A stirred suspension of 3.3 g, (0.0145 mole) of cis-4-phenyl-L-proline hydrochloride in 50 ml. of 
water is cooled to 5° and brought to pH 8.3 by the gradual addition of solid sodium carbonate (foam is 
broken up with the addition of a few drops of ether). Then while stirring and cooling, the murky solution 
is treated portionwise with 3.1 g. (0.001 7 mole) of D-3-acetylthio-2-methylpropionyl chloride 
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dissolved In 5 ml. of ether while maintaining the pH at from 7.4 to 8.3 by the dropwise addition of 20% 
sodium carbonate (wt/vol.). After the pH stabilizes at 8.3 (after about 1 5 mmutes; ^o""^'"" f ""^ 
much clearer), stirring and cooling are continued for an hour (approximately 1 3 ml of 20% sodium 
carbonate is consumed). The solution is then washed with 40 ml. of ethyl acetate (wash discarded). 
5 levered over with 40 ml. of fresh ethyl acetate, cooled, stirred, and acidified carefully vvithBN S 
hvdrochloric acid to pH 2. saturated with sodium chloride, and the layers are separated. The aqueous 
Dhase is extracted with additional ethyl acetate (3 x40 ml.), the combined organic layers are dried 
(MqSOA and the solvent evaporated, finally at 0.2 mm., to give 4.3 g. of viscous yellow-orange 
product This crude product is taken up in 30 ml. of warm ethyl acetate and treated with 2.4 g of 
10 dicyclohexylamlne in 5 ml. of ethyl acetate to give 4.9 g. (after cooling overnight) of the crystalline tO 
dicyclohex;iaminesalt;m.p. 177-179^8. 173»); lajg«-^60 c. 1% in ethanol .Folta^^^^^ 
crvstalllzation of 4.8 g. of this material from 50 ml. of acetonitnle, 4.2 g. of colorless solid 11 (S),4RJ-1 - 
l3-(acetylthlo)-2-methyl-1 -oxopropylj-4-phenvl-L-proline, dicyclohexylamlne salt are obtained; m.p. 
lyg—iai" (s. ^76"); laJg^-47° (c, 1% in ethanol). 

' 1 5 Anal. Calc'd. for: Ci^H^NO^S • C, jH„N : 15 

C, 67.40; H,8.58; N,5.42; S,6.21 
Found: C. 67.45; H,8.76; N,5.38; S,6.27. 

The above dicyclohexylamine salt is converted to the free acid by suspending In 40 ml. of ethyl 
acetate, stirring, and treating with 50 ml. of 1 0% potassium bisu If ate. After separating, the aqueous 
20 phase is extracted with ethyl acetate (3x40 ml.), the combined organic layers are dned (MgSO^), and 20 
the solvent is evaporated. The residue is taken up in ether and the evaporation repeated, finally at 0.2 
mm to give 2.7 g. of 11 (S).4RJ-1 -l3-(acetylthio)-2-methyl-1 -oxopropylJ-4-phenyl-L-proline as a 
CiLess^ hydroscopic, foamy solid; Id «-74o (c. 1% In ethanol); R, 0.12 (85:1 5 toluene: acetic acid 
on silica gel; visualized with phosphomolybdio acid plus heat). 

25 

25 Example 2 « , ■ 

ri(S) 4Rl-1-(3-Mercapto-2-mathyl-1-oxopro|iyl)-4-pheiiyl-L-proline ^ i,.iok 

Araon is passed through a cold solution of 5.5 ml. of concentrated ammonium hydroxide in 1 3.5 

ml of wS fo?0 ?l hoTs This solution Is then added while cooling and under a blanket of argon to 

?7?ro?08r^oie)o^^^^^^^ 30 
rsobtinedairstmmeilately after 3° 
araon for 1 .5 hours, the solution is layered over with 30 ml. of ethyl acetate, cooled stirred, and 
SSfiS careS vi^ith 1 1 ml. of ON hydrochloric acid. (This and subsequent operations are earned out 
a much ^pSbre u^^^^^ 

extracted with ethyl acetate (3x30 ml.), the combined organic layers are ^"^J^^^^±^^^^f^^ 35 
solvent evaporated. The residue is taken up in ether and the evaporation repeated, ^najly at 0.2 mm., to 35 
S 2 .37of 11 (S),4RJ-1-{3-mercapto-2-methyl-1-oxopropyl) ^^^^^^^ 

residue which sets to an amorphous brittle solid on standing; m.p. 52-55° (s. 47°); lajg -55 (c. 1% 
in ethanol). 

Anal. Calc'd. for C,sH„N03S. 0.25 H,0: „ 40 
40 C. 60.48; H, 6.60; N.4.70; S. 10.76 ^ 

Found: C, 60.37; H,6.78; N.4.79; S. 10.70. 



30 



36 



llTsT4RM-(3-Mercapto-2-methyl-lM>xopi«pyl)-4-t(4-methyl)phenyl]-^^^^ 

45 -'^-krw^^^^ 

methylphelSvrmagnesium bromide for the phenylmagneslum bromide one obtains N-carbobenzyloxy- 
4-hydroxy-4-l(4-methyl)-phenylJ-L-proline. 

50 acidJcS«ilngt<>thep.ocsdur.ofExampte1(b)yi.khN-cartx*enj,IW^^ W 

methyDphenylJ-L-proline. . 

This material is then hydrogenated and treated with hydrochloric acid according to the procedure 
of Example 1 (c) to yield cis-4-l(4-methyl)phenylJ-L-proline, hydrochlonde. 

c) ri(S) 4R]-1 -[3-(AcetYlthio)-2-methyl-1 -oxo-propyl]-4-[(4-methyl)phenyl]-L-prolina 

56 "*"'?;reJsuspensi5!,ofcis-4-l(4-methyl)phenylJ-L-proiin^ 55 
acetylthio-2-methylproplonyl chloride according to the procedure of Example 1 (d) to yield H (s).4RJ 1 
• l3-(acetylthio)-2-methyl-1-oxopropylj-4-l(4-methyl)-phenylJ-L-prollne. 
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d) [1 (S),4R]-1 -(3-Mercapto-2-methyl-1 -oxopropyl)-4-[(4-methyl)phenyl]-L-prolme 

Treatment of [1 (S),4RJ-1 -IS-acetylthiol-Z-methyl-l -oxopropyl]-4-ll4-methyl)phenylJ-L-proline 
with concentrated ammonia according to the procedure of Example 2 yields 11 (S),4RJ-1 -(3-mercapto- 
2-methyl-1-oxopropy!-4-l(4-methyl)phenylJ-L-proline. 

5 Example 4 5 
{4S)-1 -(3-Mercapto-1 -oxopropyl)-4-(phenylpropyl}-L-proline 

a) N-Carbobenzyloxy-4-hydroxy-4-(phenylpropyl)-L-proline 

Following the procedure of Example 1 (a) but substituting an equivalent amount of phenyipropyl 
magnesium bromide for the phenyl magnesium bromide one obtains N-carbobenzyloxy-4-hydroxy-4- 
10 {phenylpropyl)-L-proIine. 10 

b) cis-4-(Phenyipropyl)-L-prolme, hydrochloride 

Treatment of N-carbobenzyloxy-4-hydroxy-4-(phenylpropyl)-L-prolIne with diazomethane In ether 
solution gives the methyl ester which is then dehydrated by treatment with a mixture of trifluoroacetic 
acid and trifiuomacetic anhydride. This product Is then saponified to yield N-carbobenzyloxy-3,4- 
1 5 dehydro-4-{phenylpropyl)-L-proline. 1 5 

This material is then hydrogenated and treated with hydrochloric acid according to the procedure 
of Example 1 (c) to yield cis-4-(phenylpropyl)-L-proline, hydrochloride. 

c) (4S)-1 -[3-( Acetylthto)-1 -oxopropyl]-4-(phenylpropyl)-L-proline 

A stirred suspension of cls-4-(phenylpropyl)-L-proline, hydrochloride is treated with 3- 
20 acetylthiopropionyl chloride according to the procedure of Example 1 (d) to yield {4S)-1 43-(acetylthio)- 20 
1-pxopropylJ-4-{phenylpropyl)-L-prollne. 

d) {4S)-1 -(3-Mercapto-1 -oxopropyl)-4-(phenytpropy!)-L-prolme 

Treatment of (4S)-1-l3-(acetylthio)-1-oxopropylJ-4-(phenylpropyl)-L-proline with concentrated 
ammonia according to the procedure of Example 2 yields (4S)-1 -( 3-mercapto-1 -oxopropylM- 
25 (phenylpropyl)-L-proline. 25 

Example 5 

[1 (S),4R]-1 -(3-Mercapto-2>methyl-1 -oxopropylM-[(2-methoxy}phenyl]-L-proline 

a) l\l-Carbobenzyloxy-^-hydroxy-4-[(2*methoxy)phenyl]-L-proline 

Following the procedure of Example 1 (a) but substituting an equivalent amount of 2- 
30 methoxyphenyl magnesium bromide for the phenylmagnesium bromide one obtains N-carbobenzyloxy- 30 
4-hydroxy-4-[(2-methoxy)-phenyl]-L-proline. 

b) cis*^[(2-Methoxy)phenyl}-L-proline, hydrochloride 

Treatment of N-carbobenzyloxy-4-hydroxy-4-l{2-methoxy)phenylJ-L-proline, hydrochloride with 
trifluoroacetic acid according to the procedure of Example 1 (b) yields N-carbobenzyloxy-3,4-dehydro- 
35 4-l(2-methoxy)phenylJ-L-proline. 35 

This material is then hydrogenated and treated with hydrochloric acid according to the procedure 
of Example 1(c) to yield cis-4-l(2-methoxy)phenylJ-L-prollne, hydrochloride. 

c) [1 (S).4R]-1 -[3-{Acetylthio)-2-methyl-1 -oxo-propyl]-4-[(2-mPthoxy)phenyl]-L-proline 

A stirred suspension of cls-4-L(2-methoxy)phenyiJ-L-proline, hydrochloride is treated with D-3- 
40 acetylthio'2-methylpropionyl chloride according to the procedure of Example 1 (d) to yield [1 (S),4RJ-13- 40 
(acetylthio)-2-methyl-1-oxopropylJ-44(2-methoxy)phenyIJ-L-proline. 

d) [1 (S),4R]-1 -(3-Mercapto-2-methyl-1 -oxopropyl)-4-[(2-methoxy)phenyl]-L-prollne 

Treatment of 11 (S),4RJ-1 -l3-(acetylthlo)-2rmethyl-1 -oxopropylJ-4-l(2-methoxy)phenylJ-L-proIine 
with concentrated ammonia according to the procedure of Example 2 yields [1 (S),4Rj-1-{3-mercapto- 
45 2-methyl-1 -oxopropyl)-4-l(2-methoxy)phenylJ-L-proline. 45 

Example 6 

tl (S),4R]-1 -(3-Mercapto-2-m6thyi-1 -oxopropyl)-4-[(2-hydroxy)phenyl]-L-prollne 

Treatment of H (S),4RJ-1 -{3-mercapto-2-methyl-l -oxopropyl)-4-l(2-methoxy)phenylJ-L-proline 
with pyridine hydrochloride for one hour at 1 00® gives H (S),4RJ-1 -{3-mercapto-2-methyM - 
°0 oxopropyl)-4-l(24iydroxy)phenylJ-L-proline. 60 

Example 7 

[1(S),4R]-4-Cyclohexyl-:1-(3-mercapto-2-methyl-1-oxopropyl)-L-prollne, L-arglnine salt {1 :1 ) 
a) cis-4-Cyclohexyl-L-prollne, hydrochloride 

A solution of 4.1 g. (0.01 7 mole) of cls-4-phenyI-L-proline, hydrochloride in 1 50 ml. of ethanol is 
55 treated with 0.6 g. of platinum dioxide and shaken on a Panr hydrogenator for twenty four hours under 55 
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3 atmospheres of hydrogen. After filtering off the catalyst under nitrogen and washing with ethanol, 
the combined filtrates are dried on a rotary evaporator, finally at 0.2 mm. The foamy residue Is rubbed 
under 1 00 ml of ether to give a solid and after repeating the evaporation the product is resuspended in 
1 00 ml. of ether, cooled overnight, and filtered to yield 3.5 g. of colorless solid cis-4-cyclohexyl-L- 
5 proline, hydrochloride; m.p. 1 65—1 67^ (bubbles); (s. 1 45^); [a\^-^ 6«» (c, 1% In methanol), 5 

Anal, Calc'd for C^iH^gNO^ • HC! • O.25H2O: 

C, 55.45; H, 8.67; N, 5.88; CI, 14.88 
Found: C, 55.70; H, 8.37; N, 5.81; CI, 14.90. 

10 b)[1(S),4R].l-[3-(Acetylthio)-2-methyM-oxopropyl]-4-cyclohexy^^^^ 10 
3 4 g. (0.01 45 mole) of cis-4-Cyclohe)cyl-L-prolIne, hydrochloride Is reacted with 3.1 g. (0.01 7 
mole) of D-3-acetylthlo-2-methylpropionyl chloride in 70 ml. of water In the presence of sodium 
carbonate according to the procedure of Example 1 (d) to yield 5.1 g. of a light yellow viscous product 
This crude product is treated with 2.7 g. of dicyclohexylamine in 30 ml. of ethyl acetate to yield 6.2 g. 

1 5 of dicyclohexylamine salt; m.p. 1 89-1 91 - (s. 1 ldS^-63- (c, 1 % in etha^ol). Fol^^owm^^ 1 5 

trituration with 60 ml. of boiling acetonitrile and cooling, 5.7 g. of coloriess solid 11(S),4RJ-1-1^- 
(acetylthio)-2-methyl-1-oxopropylJ-4-cyclohexyl-L-prollne, dicyclohexylamine salt are obtained; m.p. 
191—1 93° (s. 1 88°); laJg^-64« (c, 1 % in ethanol). 



20 



Anal. Calc'd for C^7H27N04S • C.jti^z^: 20 

C, 66.62; H, 9,64; N, 5.36; S,6,13 
Found: C, 66.42; H, 9.70 N, 5,30; S,6.21. 

The above dicyclohexylamine salt is converted to the free acid by suspending in 50 ml. of ethyl 
acetate, stirring, and treating with 70 ml. of 1 0% potassium bisuflate. After separating, the aqueous 
phase is extracted with ethyl acetate (3x50 mi.), the combined organic layers are dried (MgSOJ, and 
25 the solvent is evaporated. The residue Is taken up in ether and the evaporation repeated, finally at 0.2 Z& 
ml to give 3.8 g. of 11 (S),4RJ-1 43-{acetylthio)-2-methyl-1 K)xopropylJ-4-cyclo-hexyl-L-prollne as a 
coloriess glass-like residue; 08° (c, 1 % in ethanol); R, 0.49 (90:5:5 methylene chlor de: 

methanohacetic acid on silica gel; visualized iodine vapor, phosphomolybdic acid plus heat). 

c) [1 fS),4R]-4-Cyclohexyl-1-(3-mercapto-2-methyl-1-oxopropyl)-L-proline, arginine salt |1 :1 ) 
30 3 8 g. (0.01 1 mole) of the H (S),4RJ-1 43-(acetylthio)-2-methyl-1 ^xopropylJ-4-cyclohexyl-L- 30 

proline is hydrolyzed with 7.5 ml. of concentrated ammonium hydroxide In 1 8 ml. of water over a 
period of 1 .25 hours as described in Example 2 to yield 3.2 g. of H <S),4R]-4-cycIohexj^-1-(3- ^ 
mercaptO"2-methyl-1-oxopropyl)-L-prollne as a coloriess glass-like product; lalf-^^ (Cj 1% in 
ethanol); R, 0.1 8 (85:1 5 toluene:acetlc acid on silica gel; visualized phosphomolybdic acid plus heat, 
mercaptan reagent). 



35 



Anal. Calc'd for C^gHasNOaS • 0.25 H^O: 

C, 59.27; H, 8.40; N, 4.61 ; S, 10.55 
Found: C, 59.19; H, 8.42; N, 4.87; S, 10.57. 



A solution of 3.1 5 g. (0.01 0 mole) of the above product in 400 ml. of methanol Is stirred under 
40 argon treated with 1 .85 g. (0. 1 0 mole) of 98% L-arginine, and stirred until a solution Is once again 40 
obtairled. The methanol is removed on a rotary evaporator and the brittle residue is rubbed under 200 
ml of ether (evaporation repeated) to give a coloriess solid. This material is resuspended in 200 ml. of 
ether, cooled for two hours, and filtered under argon to yield 4.6 g. of [1 (S), 4Rl-4-cyclohexyl-1 -(3- 
mercapto-2-methyl-1-oxopropyi)-L-'proline,L-arglninesalt(1:1);m.p. 126—129° (foaming); (s, 98 ); 
45 laJg^-45° (c, 1 % in ethanol). *5 

Anal. Calc'd for C,5H25N03S • C6H,4N402 • 0.5 H^O: 

0,52.06; H,8.35; N, 14.51; S,6.64 
Found: C,51.77; H,8.42; N, 14.89; S,6.70. 

Example 8 

50 [1 (S),4R]-4-( 1 ,4-Cyclohexadienyl)-l -(3-mercapto-2-nfiethyl-1 -oxopropyl)-L-proline 50 

a) cis-4-(1 ,4-Cyc!ohexadienyl)-L-proline 

cis-4-Phenyl-L-prollne is treated with lithium and ammonium according to the procedure of 
Example 1 of U.S. Patent 3,485,81 9 to yield cls-4-(1 ,4-cyclo-hexadienyl)-L-proline. 

b) [1 (S),4R]-1 -[3-(Acetylthio)-2-methyi-1 -oxopropyi]-4-(1 ,4-cyclohexadienyl)- L-prollne 

55 cis-4-( 1 ,4-Cyclohexadienyl)- L-proline is reacted with D-3-acetylthio-2-methylpropionyl chloride 55 

according to the procedure of Example 1(d) to yield l1(S),4Rj-1-l3-(acetyIthio)-2-methyl-1-oxopropylJ- 
' 4-( 1 ,4-cyclohexadienyl)-L-proline. 
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c) [1 (S),4R]-4-(1 ,4-Cyclohexadienyl)-1-(3-mercapto-2-methyM-oxopropyl)-L-praline 

The product from part (b) is treated with concentrated ammonium hydroxide according to the 
procedure pf Example 2 to yield H (S),4RJ-4-( 1 ,4-cyclo-hexadienyl)-1 -(3-mercapto-2-methy!-1 - 
oxopropyl)-L-proline. 

5 Examples g 
[1 (S)r4R]-4-(1 -Cyclohexenyl)-1 -(3-mercapto-2-methyi-1 -oxopropyl)-L-proline 
a) cis-4-(1-Cyclohexenyl)-L-pronne 

cis-4-(l,4-Cyclohexadienyl)-L-proline Is treated with a palladium-carbon catalyst and shaken on a 
Parr hydrogenator under 3 atmospheres of hydrogen to yield cis-4-( 1 -cyclohexenyD-L-proline. 

10 b) [1 {S)^R]-1 -[3-(Acetylthio)-2-methyl-1 -oxopropyl]-4-(1 -cyclohexenyl)-L-proline ^1 0 

cis-4-(1-Cyclohexenyl)-L-proline is reacted with D-3-acetylthio-2-methYlproplonyl chloride 
according to the procedure of Example 1 (d) to yield H {S),4RJ-1 - [3-{acetyIthio)-2-methyl-1 - 
oxopropyl J-4-( 1 -cyclohexenyl)-L-proline. 

c) [1 {S),4R]-4-(1 -Cyclohexenyl)-1 -{3-mercapto-2-methyl-1-oxopropyl)-L-pronne 
^ 5 The product from part (b) is treated with concentrated ammonia according to the procedure of 15 
Example 2 to yield 11 |S),4Rj-4-( 1 -cyclohexenyD-l -(3-mercapto-2-methyl 1 -oxopropyl)-L-proline. 

Example 10 

(4S)-1 -{2-IVIercapto-1 -oxoethyl)-4-(2-thienyl)-L-pronne 

a) N-Carbobenzyloxy-4-hydroxy-4-(2-thienyl}-L-proline 

20 Following the procedure of Example 1 (a) but substituting an equivalent amount of {2-thienyl) 20 

magnesium bromide for the phenylmagnesium bromide one obtains N-carbobenzyloxy-4-'hydroxy-4- 
(2*thienyl)-L-prolme. 

b) cis-4-(2-thienyl)'-L-proline, hydrochloride 

Treatment of N-carbobenzyloxy-4-hydroxy-4-{2-thienyl)-L-proline with trifluoroacetic acid 
25 according to the procedure of Example 1 (c) yields N-carbobenzyloxy-3,4-dehydro-4-(2-thienyl)-L- 25 
proline. 

This material is then hydrogenated and treated with hydrochloric acid according to the procedure 
of Example 1 (c) to yield cis-4-(2-thlenyl)-L-proline, hydrochloride. 

c) {4S)-1 -[2-{ Acetyithio)-1 -oxoethyl]-4-(2-thienylK-prof ine 

30 A stirred suspension of cis-4-(2-thienyl)-L-proIine, hydrochloride is treated with 2-acetylthlo- 30 

acetyl chloride according to the procedure of Example 1 (d) to yield {4S)-1-l2-(acetylthio)-1-oxoethylJ- 
4-(2-thienyl)-L-proline. 

d) 14S)-1 -{2-Mercapto-1 -oxoethyl)-4-(2-thienyl)-L-proime 

Treatment of (4S)-l-l2-(acetylthio-1-oxoethylJ-4-(2-thienyl)-L-proline with concentrated 
35 ammonia according to the procedure of Example 2 yields (4S)-1 -(2-mercapto-1 -^xoethyl)-4-(2- 35 
th!enyl)-L-proline. 

Example 1 1 

[l{S),4R]-1-(3-Mercapto-2-ethyl-1-oxopropyl)-4-(3-thienyl)-L-proline 

a) N-Carbobenzyloxy-4-hydroxy-4-(3-thlenyl)-L-proline 

40 Following the procedure of Example 1 (a) but substituting an equivalent amount of (3-thienyl) 40 
magnesium bromide for the phenylmagnesium bromide one obtains N-carbobenzyloxy-4-hydroxy-4'- 
(3-thienyl)-L-proline. 

b) cis-4-(3-thienyl)-L-proline, hydrochloride 

Treatment of N-carbobenzyloxy-4-hydroxy-4-(3-thienyl)-L-proline with trifluoroacetic acid 
45 according to the procedure of Example 1 (c) yields N-carbobenzyloxy-3,4-dehydro-4-{3-thlenyl)-L- 45 
proline. 

This material is then hydrogenated and treated with hydrochloric acid according to the procedure 
of Example 1 (c) to yield cis-4-(3-thienyl)-L-proline, hydrochloride. 

c) [1{S),4R]-1 -[3-(Acetylthio)-2-ethyl-1 -oxopropyl]-4-(3-thienyl)-L-prollne 

50 A stirred suspension of cls-4-(3-thienyl)-L-proline, hydrochloride Is treated with D-3-acetylthio-2- 50 
ethylpropionyl chloride according to the procedure of Example 1 (d) to yield [1 (S),4R]-1 -l3-(acetylthio)- 
2-ethyl-1-oxopropYlJ-4-(3-thlenyl)-L-proiine. 

d) [1(S),4RM-(3-Mercapto-2-ethyM-oxopropyl)-4-(3-thlenyl)-L-proljne 

Treatment of l1{S).4Rj-l-l3-(acetylthlo)-2-ethyl1-oxopropylJ-4-(3-thienyl)-L-proline with 
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concentrated ammonia according to tlie procedure of Example 2 yields H (S),4RJ-1 -(3-mercapto-2- 
ethyM-oxopropyl)-4-(3-thienyi)-L-proiine. 

Example 12 

[1 {S),4S]-1 -(4-Mercapto-2-methyl-1 -oxobutyi)-4-(2-furyl)-L-proline 
5 a)IM-Carbobenzyioxy-4-hydroxy-4-(2-furyl)-L-prolme x/o i\ ® 

Foliowing the procedure of Example 1 (a) but substituting an equivalent amount of 12-furyU 
magnesium bromide for the phenylmagnesium bromide one obtains N-carbobenzyloxy-4-hydro)(y-4- 
|2-furyl)-L-prollne. 

b) cls-4-(2-FuryI)-L-proline, hydrochloride ,^ 

1 0 Treatment of N-carbobenzyloxy-4-hydroxy-4-(2-f uryl)-L-proline with trifluoroacetic acid 1 0 

according to the procedure of Example 1 (c) yields N-carbobenzy!oxy~3,4-dehydro-4-{2-furyl)-L-proline. 

This material is then hydrogenated and treated with hydrochloric acid according to the procedure 
of Example 1 (c) to yield cis-4-{2-furyl)-L-proline, hydrochloride. 

c) [1|S),4S]-1-[4MAcetylthlo)-2-methyl-1-oxobutyll-4-(2-furyl)-L^^ 

1 5 A stirred suspension of cis-4-(2-furyl)-L-prollne, hydrochloride is treated with p-^-acetylthio-2- 1 5 

methylbutyroyi chloride according to the procedure of Example 1 (d) to yield H (S),4SJ-1 -l4-(acetylthio)- 
2-methyl-1-oxobutylJ-4-(2-furyl)-L-proline. 

d) ri(S),4S]-1-(4-IVlercapto-2-methyl-1-oxobutyl]-4-(2-furyl)-L-prollne ..... 

Treatment of 11 {S),4SJ-1 -l4-(acetylthio)-2-methyl-1 -oxobutylJ-4-(2-^rylK^^^ with 
20 concentrated ammonia according to the procedure of Example 2 yields 11{S),4SJ-1 -(4-mercapto-2- 
methyl-l-oxobutyl)-4-{2-furyl)-L-prollne. 

Example 13 . ,^ ^ , .- 

[1 (S),4R]~1 -(3-Mercapto-2-methyl-1 -oxopropyl)-4-(3-f uryl)-L-proline 

a) N-Carbobenzyloxy-4-hydroxy-4-{3-furyl)-L-proline 

25 Following the procedure of Example 1 (a) but substituting an equivalent amount of (3-furyi) 25 
magnesium bromide for the phenylmagnesium bromide one obtains N-carbobenzyIoxy-4-hydroxy-4- 
(3-furyl)-L-proline. 

b) cis-4-(3-Furyl)-L-proline, hydrochloride 

Treatment of N-ca rbobenzyloxy-4-hydroxy-4-(3-furyl)-L-p roll ne with trif^ 
30 according to the procedure of Example 1 (c) yields N-carbobenzyloxy-3,4-dehydro-4-(3-furyl)-L-prol^ 30 
This material is then hydrogenated and treated with hydrochloric acid according to the procedure 
of Example 1 (c) to yield cis-4-(3-furyl)-L-proline, hydrochloride. 

c) [1|S).4R]-1-[3-(Acetylthio)-2-methyM-oxopropyll-4-(3-furyl)-L-prollne 

A stirred suspension of cis-4-(3-furyl)-L-prol!ne, hydrochloride is treated vvith D-3-acetylthio-2- 
35 methylpropionyl chloride according to the procedure of Example 1 (d) to yield 11 (S),4RJ-1 -13- 35 
(acBtylthio)-2-methyl-1 -oxopropylJ-4-(3-furyl)-L-proline. 

d) [1 (S),4R]-1 -(3-IV!ercapto-2-methyl-1 -oxopropyl)-4-(3-f uryl)-L-prollne 

Treatment of ll (S),4RJ-1 -l3-{acetylthio)-2-methyl-1 H>xopropyIJ-4-(3-furyl -L-proline with 
concentrated ammonia according to the procedure of Example 2 yields 11 (S),4RJ-1 -(4-mercapto-2- 
40 methyl-1 -oxopropyl)-4-(3-furyl)-L-proline. 

Example 14 . ,i . n 

[1 {S),4R]-1 -l3-Mercapto-2-methyl-1 -oxopropyi)-^(3-pyridyl)-L-proline 

a) |M-Carbobenzyloxy-4-hydroxy-4-(3-pyridyl)-L-proline . ^ ,0 , w„.x 

Following the procedure of Example 1 (a) but substituting an equivalent amount of (3-pyridyi; 
45 magnesium bromide for the phenylmagnesium bromide one obtains N-carbobenzyloxy-4-hydroxy-4. 45 
i3-pyridyl)-L-prollne. 

b) cis-4-(3-Pyridyl)-L-proline, hydrochloride 

Treatment of N-carbobenzyloxy-4-hydroxy-4.{3-pyridyl)-L-proline with trifluoroacetic acid 
according to the procedure of Example 1 (b) yields N-cari3obenzyloxy-3,4-dehydro-4-(3-pyridyl)-L- 

50 P''^''"^.^ material is then hydrogenated and treated with hydrochloric acid according to the procedure 
of Example 1 (c) to yield cis-4-(3-pyridyl)-L-prollne, hydrochloride. 

c) [l{S).4RM-[3-(Acetylthio)-2-methyl-1-oxopropyl]-4-(3-pyridyl)-L-proline 

A stirred suspension of cis-4-(3-pyridyl)-L-proline, hydrochloride is treated with D-3-acetylthio-2- 
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methylpropionyl chloride according to the procedure of Example 1 (d) to yield H {S),4RJ-1 -13- 
{acetyIthIo)-2-methyl-1-oxopropylJ-4-(3-pyridyl)-L-proIlne. 

d) [1 (S),4R]-1 -(3-Mercapto-2-methyl-1 -oxopropylM-(3-pyridyl)-L-prolme 

Treatment of H (S),4RJ-1 -l3-(acetylthio)-2-methyl-1 -oxopropylJ-4-(3-pyridyi)-L-pronne with 
5 concentrated ammonia according to the procedure of Example 2 yields [1 (S).4RJ-1 -(3-'mercapto-2- 5 
methyl-1-oxopropyl)-4-(3-pyrldyl)-L-proline. 

Example 15 

[1 (S),4R]-4-[(4- PhenyDphenylM -(3-mercapto-2-methyU1 -oxopropyl)-L-proline 

a) N-Carbobenzyloxy-4^[(4>phenyl)phenyl]^hydroxy-L-prollne 

1 0 Following the procedure of Example 1 (a) but substituting an equivalent amount of (4- 1 0 

phenyDphenylmagnesium bromide for the phenyl magnesium bromide one obtains N-carbobenzyloxy- 
4-l4-(phenyI)phenylM-hydroxy-L-proline, 

b) cis-4-[4-(phenyl)phenyl]-L-proline, hydrochloride 

Treatment of N-carbobenzyloxy-4-l4-(phenyl)phenylJ-4-hydroxy-L-proline with trifluoroacetic 
1 5 acid according to the procedure of Example 1 (b) yields N-carbobenzyloxy-3,4-<lehydro-4-l4- 1 5 

(phenyl)phenylJ-L-prollne. 

This material is then hydrogenated and treated with hydrochloric acid according to the procedure 
of Example 1 (c) to yield cis-4-l4-(phenyl)phenylM-prollne, hydrochloride. 

c) [1 {S),4R]-1 -[3-(Acetylthio)-2-methyi-1 -oxopropyl]-4-[4-(phenyl)phenyl]-L-proline 

20 A stirred suspension of cis-4-l4-{phenyl)phenylJ-L-prollne hydrochloride is treated with D-3- 20 
acetylthio-2-methyl-propionyl chloride according to the procedure of Example 1 (d) to yield 11 (S),4RJ-1- 
l3-(acetylthio)-2-methyl-1-oxopropylJ-4-[4-(phenyl)phenylJ-L-proIlne. 

d) [1 {S),4R-[4-(Phenyl)phenyl]-1-(3-mercapto-2-m6thyl-1 -oxopropyD-L-proline 

Treatment of H (S),4RJ-1 -l3-(acetylthio)-2-methyl-1 -oxopropylJ-4-l4-(phenyl)phenylJ-L-proline 
25 with concentrated ammonia according to the procedure of Example 2 yields 11 (S),4Rj-444- 25 
{phenyl)phenylj-1 -{3-mercapto-2-methyI-1 -oxopropyl)-L-proline. 

Example 16 

(1 (SJ,4R]-4-[4-(Phenoxy)phenyl]-1 -(3-mercapto-2-methyl-1 -oxopropyl)-L-prollne 

a) N-<;arbobenzyloxy-4-[4-(phenoxy)phenyl]-4-hydroxy-L-proline 

30 Following the procedure of Example 1 (a) but substituting an equivalent amount of (4- 30 

phenoxy)phenyl'magnesium bromide for the phenylmagneslum bromide one obtains 
carbobenzyioxy-4-l4~(phenoxy)phenylJ-4-hydroxy-L-proline. 

b) cis-4-*[4-(phenoxy)phenyl]-L-proline, hydrochloride 

Treatment of N-carbobenzyloxy-4"l4-{phenoxy)phenyl]-4-hydroxy-L-proline with trifluoroacetic 
35 acid according to the procedure of Example 1 (b) yields N-carbobenzyloxy-3,4-dehydro-4-l4- 35 
{phefioxy)phenyIJ-L-proline. 

This material is then hydrogenated and treated with hydrochloric acid according to the procedure 
of Example 1 (c) to yield cis-4-l4-(phenoxy)phenylJ-L-prollne, hydrochloride. 

c) (1 <S),4R]-1 -[3-(acetyithrD)-2-methyi-1 -oxopropyl]-4-[4-(phenoxy)phenyll-L-proiina 

40 A stirred suspension of cis-4-l4-(phenoxy)phenylJ-L-proline, hydrochloride is treated with D-3- 40 
acetylthio-2-methylproplonyl chloride according to the procedure of Example 1 (d) to yield 11 (S),4RJ-1 - 
l3-{acetyIthio)-2-methyM-oxopropylJ-4-l4-{phenoxy)phenylJ-L-proline. 

d) t1 {S),4R]-l-(3-'Mercapto-2-methyl-1 -oxopropyl-4<[4-(phenoxy)phenyl]>L-prolfne 

Treatment of 11 {S),4RJ-1 -l3-(acetylthio)-2-methyl-l -oxopropyl-444-(phenoxy)phenylJ-L-proline 
45 with concentrated ammonia according to the procedure of Example 2 yields H (S),4RJ-1 -(3-mercapto- 45 
2-methyl-1-oxopropyl)-4-l4-'(phenoxy)phenyl]-L-proline. 

Example 17 

[1 (SL4R]-1 -(3<Mercapto-2-methyl-1 -oxopropyl)-4-[4-(phenylthio)phenyi]-L-proline 

a) N-carbobenzyloxy-4-hydroxy-4-[4-{phenylthio)phenyi]-L-proline 

50 Following the procedure of Example 1 but substituting an equivalent of 4- 50 
(phenylthio)phenyllithium for the phenylmagneslum bromide one obtains N-carbobenzyloxy-4-hydroxy- 
4-[4-{phenylthio)phenyl]-L-proline. 

b) cis-4-(phenylthlo)phe,nyl]-L-proline, hydrochloride 

Treatment of N-carbobenzyloxy-4-hydroxy-4-l4-(phenyIthio)phenylJ-L-proline with trifluoroacetic 
55 acid according to the procedure of Example 1 (b) yields N-carbobenzyIoxy~3,4-dehydro^l4- 55 
' {phenylthlo)phenylJ-L-prollne. 
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This material is then hydrogenated and treated with hydrochloric acid accoridng to tiie procedure 
of Example 1{c) to yield cis-4-l4-(phenylthio)phenylJ-L-proline, hydrochloride. 

c) [l(S).4R]-1-[3-(Acetylthio)-2-methyI-1-oxopropyl]-4-[4-(phenvlthio)phenyl]-L-proline 

A stirred suspension of cis-4-l4-(pheny!thio)-phenylJ-L-proline, hydrochloride Is t^ated with D-3- 
5 acetylthio-2-methylpropionyl chloride according to the procedure of Example 1 (d) to yield H (S).4RJ-1 - S 
l3-(acetylthio)-2-methyl-1-oxopropylJ-4-l4-(phenylthio)-phenylJ-L-proline. 

d) [l(S),4R]-1-(3-Mercapto-2-methyl-1-oxopropyl)-4-[4-(phenylthio)phenyll-L-proline 

Treatment of H (S),4RJ-1 -l3-(acetylthlo)-2-methyl-1 H)xopropyl-4-l4-(phenylthio phenylJ-L- 
prollne with concentrated ammonia according to the procedure of Example 2 yields U lS).4RJ-1-t3- 
.1 0 mercapto-2-methyl-1 -oxopropyl)-4-l4-(phenylthio)phenylJ-L-prollne. 

frrSK4Rl^^-(3-Mercapto-2-methyl-1-oxopropyl)-4-[4-<phenylmethyl)phei^^ 

a) N-Carbobenzyloxy-4-[4-{phenylmethyl)phenyl]-4-hydroxy-L-proline 

Following the procedure of Example 1 (a) but substituting an equivalent amount of 4- 
1 5 (phenylmethyl)phenylj lithium for the phenylmagneslum bromide one obtains N-carbobenzyloxy-4-l4- 
(phenylmethyl)phenylJ-4-hydroxy-L-proline. 

b) cis-4-[4-|Phenylmethyl)phenyl]-L-proline, hydrochloride 

Treatment of N-carbobenzyloxy-4-l4-|phenylmethyl)-phenylJ-4-hydroxy-L-proline with 
trifluoroacetic acid according to the procedure of Example 1 (b) yields N-carbobenzYloxy-3,4-dehydro- 
20 4-l4-(phenylmethyl)phenylR-proline. . ^. . j. 

This material is then hydrogenated and treated with hydrochlonc acid according to the procedure 
of Example 1 (c) to yield cis-4-l4-(phenylmethyl)phenyll-L-prollne. hydrochloride. 

c) [1 {S),4R]-1 -[3-{Acetylthio)-2-methyl-1 -oxopropyl]-4-[4-{phenylmethyl)phenyl]-L-prolliiie 

A stirred suspension of cis-4-l4-(phenylmethyl)-phenylJ-L-prolIne, hydrochloride is treated with 
25 D-3-acetylthio-2-methylpropionyl chloride according to the procedure of Example 1 1d) to yield 26 
l1{S),4Rj-1-l3-|acetylthIo)-2-methyl-1-oxopropylJ-4-l4-(phenylmethyl)phenyl-L-proline. 

d) [1 (S).4R]-1 -(3-Mercapto-2-methyr-1 .oxopropyl)-4-[4-(phenylmethYl)phenyl]-Lrproline 

Treatment of 11 (S),4Rj-l43^acetylthio)-2-methyl-1-oxopropyl]-4-t|Mphanylmethyl^^^^^^^ 
proline with concentrated ammonia according to the procedure of Example 2 yields 11 |S),4RJ-1-13- 
30 mercapto-2-methyl-1 -oxopropyO-4-l(4-phenylmethyl)phenylJ-L-proline. 

Example 19 . , ^ t. n ■ i- 

H (S).4R]-1 -(3-Mercapto-2-methyl-1 -oxopropyl)-4-(a-naphthyi)-L-proime 
a) N-Carbobenzyloxy-4-hydroxy-4-(a-naphthyl)-L-prolinB 

Following the procedure of Example 1 but substituting an equivalent amount of «" 
35 naphthylmagnesium bromide for the phenylmagneslum bromide one obtains N-carboben2yloxy-4- 
hydroxy-4-|a!-naphthyl)-L-proline. 

b. cis-4-(a:-Naphthyl)-L-proline. hydrochloride 

Treatment of N-carboben2yloxy-4-hydroxy-4-{a-naphthyl)-L-proline with tnfluoroacetic^ 

according to the procedure of Example 1 lb) yields N-carbobenzyloxy-3.4-dehydro-4-(£Wiaphthyl)-L- 

- 40 P™""^.^ ^^^^^.g, hydrogenated and treated with hydrochloric acid according to the procedure 
of Example 1 |c) to yield cis-4-|a-naphthyl)-L-prollne, hydrochloride. 

c) l1(S),4Rj-l43-|Acetylthio)-2-methyl-1-oxopropylJ-4-|a-naphthyl)-L-proline ,,«.„,th!n. 

A stirred suspension of cis^-lo-naphthyO-L-proline. hydrochloride IS 
45 2-methylpropionyl chloride according to the procedure of Example 1 (d) to yield 11(S).4RJ-1 -IJ- 45 
{acetylthio)-2-methyl-1-oxopropylJ-4-{a^naphthyl)-L-prolIne. 

d) [1 (S).4R]-1 -|3-Mercapto-2-methyl-1 -oxopropyl)-4-(a-naphthyl)-L-proline 

T;;atmentofl1(S),4RJ-1l3-|acetylthio)-2-methyl-l-oxopropyJ^^^^^^ 
concentrated ammonia according to the procedure of Example 2 yields U (S).4Rj-1-|3-mercapto-2- 
50 methyl-1 -oxopropyl)-4-|a-naphthyl)-L-proline. 

Example 20 

(4R-1 -|3-Mercapto-1 -oxopropyl)-4-|^naphthyl)-L-proline 

a)N-Carbobenzyloxy-4-hydroxy-4-|^-naphthyl)-L-proline ♦„r«„,„Kth«i 
Following the procedure of Example 1 but substituting an equivalent amount of ^naphthyi- 
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magnesium bromide for the phenytmagnesium bromide one obtains N-carbobenzyloxy-4-hydroxy-4- 
(/J-naphthyD-L-proline. 

b) cis-4-(j5-Waphthyl)-L-pro3m3, hydrochloride 

Treatment of N-carboben2yloxy-4-hydroxy-4-<^-naphthyl)-L-proline with trifluoroacetic acid 
5 according to the procedure of Example 1 (b) yields N-carbobenzyloxy-3,4-dehydro-4-(^-naphthyl)-L- 5 
proline. 

This material is then hydrogenated and treated with hydrochloric acid according to the procedure 
of Example 1 (c) to yield cis-4-(j5-naphthyl)-L-proiine, hydrochloride. 

c) (4R)-1 -[3-( AcetySthio)-1 -oxopropyl]-4-(^naphtiiyl)-L-proline 

10 A stin-ed suspension of cis-4-()3-naphthyl)-L-proIlne, hydrochloride is treated with 3- 10 

acetylthlopropionyl chloride according to the procedure of Example 1 (d) to yield (4R)-1 -l3-(acetylthio)- 
1 -oxopropyl]-4-(^naphthyl)-L-proiine. 

d) -(3-i\/aercapto-1 -oxopropyl}-4-(^-naphthyl)-L-pronne 

Treatment of (4R)-1 -l3-(ac8ty!thio)-1 -oxopropylJ-4-(/3-naphthy!)-L-proIine with concentrated 
1 ammonia according to the procedure of Example 2 yields {4R)-1 -(3-mercapto-1 -oxopropyl)-4-(/}- 1 5 

naphthyl)-L-proline. 

Excmple 21 

[1 {S).4R]-1 -(3*Mercapto-2-trif luoromethyl-1 -oxopropyl)-4-phenyl-L-proline 

a) 3-[[(4-MGthoxy)phenylinethyl]thio]-2-trlfluoromethylpropionyl chloride 

20 A neat mixture of 1 -trifiuoromethylacryllc acid (3.9 g.) and 4-methoxybenzylthiol (4,3 g.) is stirred 20 
at 1 00 — 1 1 0"* for one hour. The mixture Is allowed to cool to room temperature and the solid is 
recrystallized from cyclohoxane to yield 3-U(4-methoxy)phenylmethylJthloJ-2-trifluoromethyIpropanoic 
acid; m.p. 72—74^. 

Treatment ov this acid vAth thionyi chloride yields 3-ll(4-methoxy)phenylmethylJthio]-2- 
2S trifluoromethylpropionyl chloride. 25 

b) 11 (S),4R]-1 .[3-[E{4-rifisthoxy)ph8nylmethyl]thio]-2-trlf luoromethyl-1 -oxapropyl]-4-phenyl-L- 
proline 

The 3-ll{4-methox^/)phenylmethylJthioJ-2-trifluoromethylpropionyl chloride is reacted with cis-4- 
phenyl-L-proline, hydrochloride to yield 11 (S),4RJ-1 -l3-ll(4-methoxy)phenylmethylJthioJ-2- 
30 trifluoromethyl-1 -oxopropylj-4-phenyl-L-prolinQ. 

c) [1 (S),4R]-1 -(3-EV2srcapto-2-tr!f luoromethyi-1 -oxopropyl)-4-phenyl-L-prol!ne 

The 11 (S),4RJ-1 -l3-ll4-methoxy)phenylmethylJthioJ-2-trifluoromethyl-1 -oxopropylJ-4-phenyl-L- 
proline is mixed with trifluoroacetic acid and anisole under nitrogen. The solvents are removed under 
vacuum to yield as a residue [1 (S),4R]-1-(3-mercapto-2-trlfluoromethyl-1-oxopropyiy-4-phenyl-L- 
35 proline. 

Example 22 

[1 (S),4R]-1 -(3-Pilercapto-2-methylthio-1 -oxopropyl)-4-phenyl-L-proline 
a) 3-[[(4-fi/3et£"aoxy)phenylmei:hyllthiol-2-methylthiopropionyl chloride 

3-ll(4-(Viethoxy)phenylmethyllthioJ-2-methylthiopropanolc acid prepared according to the 
<?:f procedure of Example 1 0 in U.S. Patent 4, 1 1 6,962 is treated with thionyi chloride to yield 3-11(4- 40 
methoxy)phenylmethylJthiGj-2-methylthiopropionyl chloride. 

[1 (3)/iR]-1 -[3-[[4-r/uSthoxy)phenylmethyl]thio]-2.methylthio-1 -oxopropyl]-4-phenyl-L-proline 
The 34l(4-methoxy)phenylmethylJthioJ-2-methylthioproplonyl chloride from part (a) is reacted 
with cis-4-phenyl-Uproline, hydrochloride to yield H (S),4RJ-1 43-ll(4-methoxy)phenylmethylJthioJ-2- 
methylthlo-1 -oxopropyl]-4-phenyl-L-proline. 45 

c) [t (S),4?3]-1-{3-Mercapto-2-methylthio-1 -oxopropyl)-'4-phenyl-L-prol!nB 

The n (S),4R)-1 43-ll(4-methoxy)phenyl methyl JthioJ-2-methylthio-1 -oxopropylj-4-phenyl-L- 
proline is mixed with trifluoroacetic acid and anisole under nitrogen. The solvents are removed under 
vacuum to yield as a residue H (S),4RJ-1 -(3-mercapto-2-methylthio-1 -oxopropyl)-4-phenyl-L-proline. 

Example 23 ^ , 50 

[1 {S),4S]-1 -(3-P^ercapto-2-methyl-1 -oxopropyl)-4-{phenylethyl)-L-proline 
a) N-Carbobenzyloxy"4-hydroxy-4-(phenylethyl)-L-proline , . i\ 

Following the procedure of Example 1 (a) but substituting an equivalent amount of (phenylethyl) 
magnesium bromide for the phenylmagnesium bromide one obtains N-cari3obenzyloxy-4-hydroxy-4- 
55 phenylethyl-L-proline. 55 
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b) cis-4-(Phenylethvl)-L-proline, hydrochloride 

Treatment of N-carbobenzyloxy-4-hydroxy-4-(phenylethy!)-L-proline according to the procedure 
of Example 4(b) yields N-carbobenzyloxy-3,4-dehydro-4-(phenylethyl)-L-prollne. 

This material is then hydrogenated and treated with hydrochloric acid according to the procedure 
5 of Example 1 (c) to yield cis-4-{phenylethyl)-L-prollne, hydrochloride. 

c) [1 (S).4S]-1 -[3-1 Acetylthlo)-2-methyl-1 .oxopropyl]-4-(phenylethyl)-L-proline 

A stin-ed suspension of c!S-4-(phenylethyl)-L-proline, hydrochloride is treated wtth D-3- 
acetylthio-2-methylpropionyl chloride according to the procedure of Example 1 (d) to yield 11 t5),45j-l - 
l3-(acetylthio)-2--methyl-1-oxopropylJ-4-(phenylethyl)-L-proline. 

10 d)ri(S),4S]-1-(3-Mercapto-2-methyl-1-oxopropyl)-4-(phenylethylK-proH 10 

TreatmentofLl(S)ASJ-l43-(acetylthio)-2-methyl-1-oxopropyl^^^ 
concentrated ammonia according to the procedure of Example 2 yields H (S),4SJ-1 -(3-mercapto-2- 
methyl-1-oxopropyl)-4-(phenylethyl)-L-prollne. 

1 5 [1 {S),4S]-1 -(3-Mercapto-2-methvl-1 -oxopropyl)-4-(phenylmethyl)-L-proHne 1 5 

a) W-Carbobenzyloxy-4-(phenylmethylene)-L-prollne . j,cn™i«* 

To a 1 liter flask are added 7.6 g. <0.1 6 mole) of sodium hydride (50% suspension) and 1 50 ml. of 
dry dimethylsulfoxide. The suspension is stin-ed and then maintained at 70" for thirty minutes (all of 
the sodium hydride has reacted at this point). The solution is cooled to 30» and treated portionwise 

20 witiia JuspeJ«ionof61.1 g. (0.16 mole) of benzyltriphenylphosphonium chloride (dned/n«.ac«o 20 
ovemight) in 1 50 ml. dimethylsulfoxide and the resulting intense red suspension is heated to 70 . This 
mixture is cooled to 25° and treated with a solution of 13.2 g. (0.05 mole) of N-carbobenzvloxy-4- 
keto-L-proline in 40 ml. of dimethylsulfoxide over a period of twenty minutes. This mixture is 
maintained at 65—70" for four hours, allowed to stand ovemight at room temperature, and then 

2«5 poured onto a solution of 1 0 g. of potassium bicarbonate in 400 ml. of ice-water. Some ice is added to 25 
the mixture to bring the volume to 1 liter and it is then extracted three times with 250 m^. Portions of 
ether. The ether phases are discarded and the aqueous phase is cooled and acidified with 50 ml. of BN 
hydrochloric acid. The product Is extracted with 250 ml. of chloroform and then twice with 1 00 ml. of 
chloroform. The organic phases are combined, dried (MgSOJ, filtered and the solvent evaporated to 

■so aive 1 02 g. of pale brovm viscous residue. The latter is triturated with 500 ml. of ether. The ether is 30 
decanted from the brown residue (mostly triphenytphosphtneoxide) and the latter is triturated twice 
with 1 00 ml. of ether. The ether phases are combined, cooled and treated portionwise with a solution 
of 1 0 g. of sodium bicarbonate in 200 ml. of water. The layers are separated and the organic phase is 
extracted with 1 0 ml. of water. The ether phase is discarded and the aqueous phases are combined, 

OR cooled, acidified with 1 8 ml. of 6N hydrochloric acid and extracted three times with 100 ml. of ether. 35 
The organic layers are combined, dried (MgSO^), filtered and the solvent evaporated to give 8.9 g. 
(52 6%) of a pale yellow foam. The bulk of this compound (8.6 g.) is dissolved In 20 ml. of acetonitrile 
and' treated with 4.6 g. of dicyciohexylamine. The product slowly crystallizes. After standing ovemight 
in the cold, the nearly colorless dicyciohexylamine salt is filtered and dried to Weld 11 .0 g. of N- 

>in cari3obenzyloxy-4-(phenylmethylene)-L-proline. dicyciohexylamine; m.p. 1 42— 1 50 . After 40 
recrystallization from 65 ml. of acetonitrile, 9.5 g. of nearly coloriess dicyciohexylamine salt are 
obtained; m.p. 1 50—1 55°: la]g*+7.7"' (c, 1% in chloroform). 

Anal. Calc'd for CJ0H19NO4 • Ci^H^jN: 

C, 74.09; H,8.16; N,5.40 
45 Found: C, 73.87; H,8.18: N.5.33. 

This dicyciohexylamine salt (9.4 g.) is suspended in 100 ml. of ethyl acetate ^'j^^reated wi^^^^ 
ml of 1 0% Dotassium bisulfate. The mixture is shaken and the aqueous phase is extracted twice with 
50* o°X aci. The organic phases are combined, dried (IVlgSO,), ^^^r''J':''^^nJ!i^Jl.n.) 
evaoorated to give 6.4 g. (38%) of pale yellow foam-like solid N-carbobenzyloxy-4- phenylmethylene)- 
50 LiZnT[al^-2.B<> (c. 1 % In chloroform); R, 0.29 (85:1 5 tolueneacetic acid on silica gel). SO 

acetate is treated with 0.6 g. of platinum dioxide. The mixture is shaken under one atmosphere of 
SXflen Sly the uptake of hydrogen is rapid and . , 

5.5 cSloSitfon Is filtered and the fiUrate is concentrated to give 5.7 g. of N-carbobenzyloxy-cis^- 55 
^ foheSX L-proine. The latter is dissolved in 200 ml. of methanol and 30 m . of water and 
ISd whh a slurry of 2 g. of 5% palladlum-cart)on catalyst In 70 ml. of methanol. The m'f ure is 
Saken Tde^^o atmospheres of hydrogen. The uptake of hydrogen is essentially complete 'n forty 
mTnutes A^eXventy mUiutes, the catalyst is filtered through a "Cellite" (registered Trade Mark) bed 
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and the filtrate concentrated to give 3.3 g, (89%) of pale gray solid cis-4-{phenylmethyl)-L-proline; 
m.p. 200 — ^201 ° (dec); laJg^—S.S® (c, 1% in N-hydrochloric acid). A small amount of catalyst is present 
In this material. 

Anal. CalcU for C^jHigNOj • 1/4 HjO: 
5 C, 68.71; H,7.45; N,6.68 5 

Found: C, 68.21; H,7.62; N,6.66. 

c) [l{S),4S]-l-[3-(Acetylthio)-2-methyl -1-oxopropylJ-4-(phenylmethyl)-L-pronne 

A stirred suspension of 2.4 g. (0.01 2 mole) of cis-4-(phenylmethyl)-L-proline in a solution of 1 g. 
of sodium carbonate in 40 ml. of water is cooled to 1 0° and treated with a solution of 2.2 g. (0.01 2 

1 0 mole) of D-3-acetylthio-2-methylpropionyl chloride In 5 ml. of ether over a period of ten minutes. An 10 
additional 1.7 g. of sodium carbonate Is added portionwise to the mixture during this period to 
maintain the pH at about 8. A solution Is obtained. The ice-bath is removed and the solution is stinted 
for two hours at room temperature, cooled, 50 ml. of ethy! acetate are added and resulting mixture is 
acidified with 8 ml. of 6N hydrochloric acid. The phases are separated and the aqueous phase is 

1 5 extracted twice with 25 ml. of ethyl acetate. The organic phases are combined, dried (MgS04), filtered, 1 5 
and the solvent evaporated to give 4.5 g. of a pale yellow viscous residue. The latter is dissolved in 20 
ml. of ethyl acetate and treated with a solution of 2.3 g. of dicyclohexylamine in 5 ml. of ethyl acetate. 
The resulting solution is seeded and the dicyclohexylamine salt rapidly crystallizes. After cooling 
overnight, the nearly colorless solid weighs 3.8 g.; m.p. 1 67 — 1 69° (s, 1 63°). This material is digested 

20 in 1 5 ml. of warm acetonltrile, cooled and filtered to give 3.5 g. of coloriess solid; m.p. 1 67 — 1 69°. 20 
After recrystallization from 45 ml. of acetonitrile 3.2 g. of H {S),4RJ-1 -l3-(acetylthlo)-2-methyl-1 - 
oxopropylJ-4-{phenylmethyl)-L-proline, dicyclohexylamine salt are obtained; m.p. 1 69 — 1 71°; 
larJg5-80° (c, 1% in chloroform). 

Anal. Calc d. for C18H23NO4S • CijHjgN: 
25 C, 67.88; H,8.74; N,5.28; S,6.04 " 

Found: C, 67.60; H,8.95; N,5.24; S,6.00. 

The purified dicyclohexylamine salt is converted to the free acid by suspending in 30 ml. of ethyl 
acetate and treating portionwise with 30 ml. of 1 0% potassium bisulfate solution. The layers are 
separated and the aqueous phase is extracted twice with 20 ml. of ethyl acetate. The organic phases 
30 are combined, dried (MgSOJ, filtered and the solvent evaporated to give 2.0 g. (49%) of foamy semi- 30 
solid l1(S),4SJ-1-l3-{acetylthio)-2-methyl-1-oxopropylJ-4-(phenylmethyl)-L-prollne; lajg5_121 °; R, 
0.1 5 (85:1 5 toiueneracetic acid on silica gel). 

d) [1 (S),4S]-1 -(3-Mercapto-2-methyl-1 -oxopropyl)-4-(phenylmethyl)-L-proline 

1 .9 g. of 11 (S),4SJ-1 -l3-(acetylthio)-2-methyl-'1 -oxopropylJ-4-(phenyImethyl)-L-proline, under 
35 argon, is treated with a cold solution of 5 ml. of concentrated ammonia in 1 2 ml. of water. The stirred 35 
mixture becomes a solution in several minutes, it Is then allowed to stand at room temperature for 
ninety minutes, cooled, and extracted twice with 1 5 ml. of ethyl acetate. The aqueous phase is stirred, 
layered with 1 5 ml. of ethyl acetate, acidified with 1 0 ml. of 5N hydrochloric acid and the layers are 
separated. The aqueous phase Is extracted twice with 1 5 ml. of ethyl acetate. The organic phases are 
40 combined, dried {MgS04), filtered and the solvent evaporated to give a coloriess foam. The latter is 40 
dissolved in 1 0 ml. of ether and the solvent is removed on a rotary evaporator to give 1 .63 g. (96%) of 
11 {S),4SM -(3-mercapto-2-methyl-1 -oxopropyl)-4-(phenylmethyl)"L"proline as a colorless foam; m.p. 
43 — 48° (s. 37°); larJg^-85° (c. 1 % in ethanol); 0.58 (90:5:5 methylene chloride:methanol:acetic 
acid on silica gel). 

45 Anal. Calc'd for C16H21NO3S • 1/4 H^O: 45 

C, 61.61; H,6.95; N,4.49; 8,10.28; SH, 10.59 
Found: C,61.48; H,7.10;* N,4.69; 8,10.35; SH, 10.57. 

A sample of the above acid is dissolved in ethyl acetate and treated with 1-adamantanamine in 
ethyl acetate to precipitate ll(S),4SJ-1-(3-mercapto-2-methyl-1-oxopropyl)-4-(phenylmethyl)-L- 
50 proline, 1-adamantanlne salt; m.p. 220 — ^222° (dec). 50 

Example 25 

[1(S),4S]-4-[(4-Fluorophenyl)methyl]-l-(3-Mercapto-2-methyM-oxopropyl)-L-proline, L- 
arginine salt 

a) [(4-Fluorophenyl)methyl]triphenyiphosphonium chloride 
55 A stirred solution of 79.0 g. (0.3 tno\e) of triphenylphosphine In 400 ml. of xylene is treated with 55 
43.3 g. (0.3 mole) of 4-fluorobenzyi chloride. The resulting solution Is heated (product begins to 
crystallize at this point) and refluxed for six hours. After standing overnight at room temperature, the 
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solid is filtered, washed with xylene and then with ethyl acetate, ajid dried in a desiccator to yield 73.3 
g. (60%) of l<4-fluorophenyl)mBthylJ-triphenylphosphonium chloride; m.p. 295 — ^298". 

b) l\I-Carbobenryloxy-4-[(4-fluorophenyl)methylenel-L-proline 

Interaction of 7.6 g. (0.1 6 mole) of sodium hydride (50% suspension) with 1 50 ml. 

5 dimethylsulfoxide, followed by treatment with 65.0 g. (0.1 6 mole) of 1(4- , , ... 

fluonjphenyDmethylJtriphenylphosphonium chloride and the reaction with 1 3.2 g. (0.05 mole) of N- 
carbobenzyloxy-4-i<eto-L-proline according to the procedure of Example 24(a) gives 7.0 g. (39%) of 
pale yellow N-carbobenzyloxy-4-l(4-fluorophenyl)methyleneJ-L-proline, R, 0.3 1 (85:1 5 toluene:acetic 
acid). This material is dissolved in 20 ml. of acetonhrtle and treated with 3.6 g. of dicyclohexylamme. 

1 0 The dicyclohexylamine salt rapidly crystallizes from solution. After standing overnight In the cold, the 1 0 
product is filtered and wSshed wth cold acetonltrile and ether to give 8.0 g. (30%) of coloriess N- 
carbobenzyioxy-4-l(4-f luorophenyl)methyleneJ-L-prolIne, dicyclohexylamine salt, m.p. 1 59 — 1 61'; 
laJg*+7.0° (c, 1 % in chloroform). 

Anal. Calc'd for CjoH„FNO • C^H^N ■ 1/4 H^O: 
15 C, 71.02; H.7.73; N.5.18; F,3.51 IS 

Found: C, 71.35; H,7.86; N.4.89; F.3.14. 

The above dicyclohexylamine salt (8.0 g.) is suspended in ethyl acetate and treated with 10% 
potassium bisulfate according to the procedure of Example 24(a) to give 5.3 g. of N-carbobenzyloxy-4- 
l(4-fluorophanyl)methyleneJ-L-prolIne as a pale yellow syrup. 

20 c) cis-4-[(4-Fluorophenyl)niethyl]-L-prollne .... .. 

Hydrogenation of 5.1 g. of N-carbobenzyloxy-4-l(4-fluorophenyl)methyleneJ-L-proline according 
to the procedure of Example 24(b) gives 3.0 g. (92%) of neariy coloriess cis-4-l(4- 
fluorophenyl)methylJ-L-proline; m.p. 207—209° (dec): laJg'-5.0" (c. 1% in N hydrochloric acid). 

Anal. Calc'd. for Ci^H^FNOj • 1/4 H^O: 
25 C, 63.28; H.6.42; N,6.15; F,8.34 25 

Found: C. 63.28; H,6.49; N,6.13; F.8.05. 

d) [1 (S).4S]-1-[3-{Acetylthlo)-2-mBthvl-1-oxopropyl]-4-[(4-fluorophenyl)me*^^^^^^ 

Interaction of 2.7 g. (0.01 2 mole) of cis-4-l(4-fluorophenyl)methyll-L-proline with 2.3 g. (0.01 3 
mole) o D 3 ace°yH chloride In aqueous sodiurn cart,onate solujon |ccort^^ to 

30 t^e procedure of Bcample 24(c) gives 4.8 g. of pale yellow syrup. The "a«er is dissolved m 30 ml. of 
athvl acetate and treated with 2.5 g. of dicyclohexylamine. The product rapidly ciyrtalllzes from 
SKrAfir SoHng overnight, the coloriess product is filtered and dried to >aeld4.9 g. of crude salt 
n?odurt'(74%) m D 177-1 79° (s. 1 72°). This material is crystallized from 45 ml. of aceton.tnle to 
S^'r3g.SrZctVm%;/7tAl^ ,5 
35 mi. of acetonitrile, there are obtained 4.1 g. (62%) o^ colorless 11 

methyl-1 -oxopropylJ-4-l(4-f luorophenyl)methylJ-L-prollne, dicyclohexylamine salt m.p. 1 77—1 78 . 
laj 2^-69° (c, 1% in chloroform). 

Anal. Calc'd. for CigHj^FNO^S • C^H^jN: ^ ^ ^ ^ „ . 

C, 65.66; H.8.27; N.5.11; F,3.46; S, 5.84 
40 Found: C, 65.78; H,8.35; N,5.13; F.3.24: S.5.79. 

The purified dicyclohexylamine salt is converted to the free acid S"SP«"*"9 f Jj^ 
and treating with 1 0% potassium bisulfate according to the procedure of Example 24(c) to yield 2.7 g. 
S» of coloriess hygroscopic [1 (S).4S]-1-[3-(acetylthio)-2-methyl-1-oxopropyl]-4-[(4- 
Sp^erSSy^^^^^^^^^ (s- 35°); la]„»-146.7- (c. 1% chlorofom,). 

e) [1 (S),4Sl-4-[(4-Ruorophenyl)inethyl]-1 -(3-mercapto-2-n»elhyl-1-oxopropyl)-L-pK»line. L- 45 

^'^'"'-rrlatm^ent of 2.7 g. of 11 (S),4SJ-1 -l3-(acetvlthio)-2-methyl-1-oxopropylJ-4-l(4- 
fluoroD^nXetM-L-pra w th aqueous ammonia according to the procedure of Bample 24(d 

S"ves2 37gro^^^^^ «n 
SSe as an extremely hydroscopic coloriess foam; l«Jg''-84.5° (c, 1% In ethanol): R,0.54 (90:5.5 50 

methylene chloride:methanol:acetic acid on silica gel). .4 « ctirroH 

Part of this material (2.1 7 g.) is dissolved In 1 00 ml. of methanol and added to a stirred 

suspensl on 0 g XaVgininl In 1 00 ml. of methanol. After stining at room temperature for thirty 

mTnutes?all of the L-arginine is dissolved), the coloriess solution is concentrated on a rotary evaporator 

to^ve a g L?u ar colo^^^^^^^ The latter is suspended In 200 ml. of ether and ^-"^^f^^y^;^"^'^ 55 

with the solvent. The ether is removed and the residue (3.1 7 g.) is suspended In 1 GO ml. of ether. 
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allowed to stand at room temperature overnight and filtered to give 2.9 g. (87%) of colorless solid 
11 {S),4SJ-4-l(4-fIuorophenyl)methylJ-l -(3-mercapto-2-methyl-l -oxopropyl)-L-proline, L-arginine salt; 
m.p. 124—127°; laJg5_47o (c, 1% in ethanol). 

Anal. Calc'd. for C16H20FNO3SD . CgH^^N^Oj • 1/4 H^O: 
5 0,52.42; H,6.80; N, 13.89; F,3.77; S,6.36; — SH,6.56 5 

Found: C, 52.41 ; H, 7.05; N, 1 2.90; F, 3.33; S, 6.35; -SH, 6.37. 

The 11 (S),4SJ-44(4-fiuorophenyl)methyIJ-1-{3-mercapto-2-methyl-1-oxopropyl)-L-pro[ine is 
dissolved in ethyl acetate and treated with 1-adamantanamine to yield l1{S),4SJ-4-l(4- 
fluorophenyl)methylJ-1-(3-mercapto-2-methyl-1-oxopropyl)-L-proline, 1-adamantanamine salt; m.p. 
10 217— 219«. Ip 

Anal. Calc'd. for C^Jt^^JFm^S - C.J^u^: 

C, 65.52; H,7.83; N,5.88 
Found: C, 66.55; H,8.04; N,5.73. 

Example 26 

1 5 [1 |S),4S]-1 -{3-Mercapto-2-methy[-1 -oxopropyi)-4-[(2-methoxyphenyl)methyl]-L-pronne 1 5 

a) [(2-Methoxyphenyl)methyl]tripheny]phosphonium chloride 

Treatment of triphenylphosphine with 2-methoxybenzyl chloride according to the procedure of 
Example 25(a) yields L(2-methoxyphenyl)methylJtriphenylphosphonium chloride. 

b) cis-^-nZ-MethoxyphenyOmethyll-L-proline 

20 l(2-Methoxyphenyl)methylJtriphenylphosphonium chloride is reacted with sodium hydride in 20 

dimethylsulfoxide and then N-carboben2yloxy-4-keto-L-prollne according to the procedure of Example 
24(a) to yield N-carbobenzyloxy-4-l(2-methoxyphenyl)methyleneJ-L-proline. Hydrogenatlon of this 
material according to the procedure of Example 24(b) yields cis-4-[(2-methoxyphenyl)methyt]-L' 
proline. 

25 c) [1 {S).4S]-1 -[3-(AcetyIthio)-2-methyi-1 -oxopropyl]-4-[{2-methoxyphenyl)methyl]-L-proline 25 

Reaction of cis-4-l(2-methoxyphenyl)methylJ-L-pronne with D-3-acetylthio- 2-methyipropionyl 
chloride according to the procedure of Example 24(c) yields [1 (S),4SJ-1 -l3-(acetylthlo)-2-methyl-1 - 
oxopropylJ-4-l{2-methoxyphenyl)methyiJ-L-pronne. 

d) [1 (S),4S]-1 -(3-Mercapto-2-methyl-1 -oxopropyl)-4-[(2'methoxyphenyl)methyl]-L-prollne 
30 Treatment of 11 (S),4Sj-1-l3-(acetylthio)-2-methyl-l-oxopropyl]-4-[(2-methoxyphenyl)methyl]-L- 30 

proline with aqueous ammonia according to the procedure of Example 24(d) yields 1(1 S),4Sj-l -(3- 
mercapto-2-methyl-l-oxopropyl)-4-l(2-methoxyphenyl)methyIJ-L-prollne. 

Example 27 

[1 (S),4Sl-4-[(2-Hydroxyphenyi)methyl]-1 -(3-mercapto-2-methyI-1 -oxopropyl)-L-proline 
35 Treatment of H (S),4SJ-1 -(3-mercapto-2-methyl-1-oxopropyl)-4-l(2-methoxyphenyl)methyl]-L- 35 
proline with pyridine hydrochloride for one hour at 100° gives l1(S),4SJ-4-l(2-hydroxyphenyl)methyli- 
1 -(3-mercapto-2-methyl-l *oxopropyl)-L-prollne. 

Example 28 

[1 {S),4S]-1 -(3-Mercapto-2-methyM -oxopropyl}-4-[(4-Methylphenyl)methyl]-L-proline ' 
40 a) [(4-Methylphenyl)methyl]trlphenylphosphonium chloride 40 
Treatment of triphenylphosphine with 4-methylbenzyl chloride according to the procedure of 
Example 25(a) yields l(4-methylphenyl)methylJtriphenytphosphonium chloride. 

b) cis-4-[(4-Methylphenyl)methyl]-L-prolfne 

l(4-Methylphenyl)methylJtriphenylphosphonium chloride is reacted with sodium hydride in 
45 dimethylsulfoxide and then N-carbobenzyIoxy-4-keto-L-proline according to the procedure of Example 45 
24(a} to yield N-carbobenzyloxy-4-l{4-methYlphenyl)methyleneJ-L-proline. Hydrogenatlon of this 
material according to the procedure of Example 24(b) yields cis-^-l(4-methylphenyl)methylJ-L-proline. 

c) [1 (S),4S]-1 -[3-(Acetylthio)-2-methyl-l -oxopropyl]-4-[(4-methylphenyl)methyi]-L-proline 

Reaction of cis-44(4-methylphenyl)methyIJ-L-proline with D-3-acetylthio-2-methylpropionyl 
50 chloride according to the procedure of Example 24 (c) yields ll (S),4SM 43-(acetylthio)-2-methyl-1 - 50 
oxopropylJ-4-t(4-methylphenyl)methylJ-L-proline. 

d) [1 (S),4S]-1 -(3-IVIercapto-2-methyl-1 -oxopropyl)-4-[(4-methylphenyl)methyl]-L-proiine 

Treatment of [1 (S),4Sj-l-l3-(acetylthio)-2-methyl-1 -oxopropylJ-4-l(4-methylphenyl)methylJ-L- 
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proline with aqueous ammonia according to the procedure of Exa^nple 24 (d) yields [1 (S),4S]-l-(3- 
mercapto-2-methyM-oxopropyI)-4l{4-methyiphenyl)-methyl)J-L-proline. 

Example 29 

[1 (S).4S]-1 -(3-IVIercapto-2-methyl-l -oxopropyl)-4-[(4-methylthiophenyt)propyl]-L-prollnB 
5 a) t(4-Methylthiophenyl)propyl]trlphenyIphosphQsphonlum chloride 5 
Treatment of triphenylphosphlne with (4-methylthiophenyl)propyl chloride according to the 
procedure of Example 25|a) yields l|4-methylthlophenyl)-propyljtriphenylphosphonium chloride. 

b) cis-4-[(4"Methylthiophenyl)propyl]-L-proHne 

l(4-Methylthiophenyl)propyl]triphenylphosphonium chloride is reacted with sodium hydride in 
1 0 dimethylsulfoxide and then N-carbobenzyloxy-4-keto-L-proline, phenylmethyl ester according to the 1 0 
procedure of Example 24(a) to yield N-carbobenzyloxy-4-l(4-methy!thIophenyl)-propyleneJ-L-proline 
phenylmethyl ester. Hydrogenation of this material according to the procedure of Example 24(b) yields 
cis-4-l(4-methylthiophenyl)propylJ-L-prollne. 

c) [1 |S),4S]-1 -[3-{Acetylthlo)-2-methyl-1 -oxopropyl]-4-[(4-methylthiophenyl)propyI]~L-proline 

1 5 Reaction of cis-4-l(4-methylthiophenyl)propylJ-L-prollne with D-3-acetylth!o-2-methylpropionyl 1 5 
chloride according to the procedure of Example 24(c) yields l1(S),4Sj-1-l3-(acetylthio)-2-methYl-1- 
oxopropylJ-4-l(4-methylthiophenyl)propylJ-L-proline. 

d) [1 (S),4S]-1 -(3-Mercapto-2-methyl-1 -oxopropyl)-4-[(4-methylthlophenyl)propyl]-L-prollne 

Treatment of 11 (S),4Sj-1-l3-(acetylthio)-2-methyl-1-oxopropylJ-4-l(4-methylthiophenyl)propylJ- 
20 L-proline with aqueous ammonia according to the procedure of Example 24(d) yields [1 (S),4S]-1-(3- 20 
mercapto-2-methyl-1-oxopropyl)-4-l(4-methylthiophenyl)propylJ-L-proline. 

Example 3D 

(4S)-1 -(4-Mercapto-1 -oxobutyl)-4-[(3-trifluoromethylphenyl)methyl]-L-proline 

a) [(3-Trifluoromethylphenyl)methyl]triphenylphosphonium chloride 

25 Treatment of triphenylphosphlne with 3-trif luoromethylbenzyl chloride according to the 25 
procedure of Example 25(a) yields KtrifluoromethylphenyDmethylJtriphenylphosphonium chloride. 

b) cis-4-[(3-Trifluoromethylphenyl)methyl]-L-proline 

1(3-Trifluoromethylphenyl)methyljtriphenylphosphonium chloride is reacted with sodium hydride 
in dimethylsulfoxide and then N-carbobenzyIoxy-4-keto-L-proline according to the procedure of 30 
30 Example 24(a) to yield N-carbobenzyloxy-4-l(3-trifIuoromethylphenyl)methyleneJ-L-proline. 
Hydrogenation of this material according to the procedure of Example 24(b) yields cis-4-U3- 
trifluoromethylphenyI)methylJ-L-prollne, 

c) (4S)-1 -[4-acetylthlo)-1 -oxobutyl]-4-[(3-trlfluoromethylphenyl)methyl]-L-proline 

Reaction of cis-4-l(3-trifluoromethylphenyl)methylj-L-proline with 4-acetylthiobutyroyl chloride 
35 according to the procedure of Example 24 (c) yields (4S)-1 -l4-(acetylthio)-1 -oxobutylJ-4-l(3- 35 
trIfluoromethy!phenyl)methylJ-L-proiine. 

d) (4S)-1 -(4-Mercapto-1 -oxobutyl)-4-[{3-trifluoromethylphenyl)methyl]-L-prolme 

Treatment of {4S)-1 -l4-(acetyithlo)-1 -oxobutylJ-4-l(3-trifluoromethylphenyl)methylJ-L-proline 
with aqueous ammonia according to the procedure of Example 24 (d) yields (4S)-1 -(4-mercapto-1 - ^ 
40 oxobutyl>-44(3-trifluoromethylphenyl)methylJ-L-prollne. 

Example 31 

(4S)-1 -(3-l\/lercapto-1 -oxopropyl)-4-(phenylethyl)-L-proline 

a) (Phenylethyl)triphenylphosphonium chloride 

Treatment of triphenylphosphlne with phenylethyl chloride according to the procedure of 
45 Example 25(a) yields (phenylethyDtriphenylphosphonium chloride. 

b) cis-4-(Phenylethyl)-L-prolihe u i i* ia 

(Phenylethyl)triphenylphosphonium chloride Is reacted with sodium hydnde in dimethylsulfoxide 
and then N-carbobenzyloxy-4-keto-L-proline, phenylmethyl ester to yield N-carbobenzyloxy-4. 
(phenylethylene)-L-proIine, phenylmethyl ester. Hydrogenation of this material according to the 
50 procedure of Example 24(b) yields cis-4-(phenylethyl)-L-prollne. 

c) {4S)-1 -[3-( Acetylthio)-1 -oxopropyll-4-(phenylethyl)-L-proline 

Reaction of cis-4-(phenylethyl)-L-prollne with 3-acetylthiopropionyl chloride accordmg to the 
procedure of Example 24(c) yields (4S)-l-l3-(acetylthio)-1-oxopropylJ-4-(phenylethyI)-L-proline. 
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d) (4SM-(3-IVIercapto-1-oxopropyI)-4-(phenylethyl)-L-proline 

Treatment of (4S)-l-l3-(acetylthio)-l-oxopropylJ-4-(pheny(ethyl)-L-prollne with aqueous 
ammonia according to the procedure of Example 24(d) yields (4S)-1-(3-mercapto-1-oxopropyl)-4- 
(phenylethyl)-L-proline. 

5 Exaniple 32 5 
[1 (S).4R]-1 -(3-Mercapto-2-methyl-1 -oxopropylM-[(2-thienyl)methyl]-L-proline 

a) [(2-Thienyl)methyl]triphenylphosphonium chloride 

Treatment of triphenylphosphine with 2-thlenylmethyl chloride according to the procedure of 
Example 25(a) yields l(2>thlenyl)methylJtriphenylphosphonium chloride. 

10 b) cis-4-[(2-Thienyl)methyl]-L-pronne 10 

l(2-Thienyl)methylJtriphenylphosphonium chloride is reacted with sodium hydride in 
dimethylsulfoxide and then N-carbobenzyloxy-4-lceto-L-proline according to the procedure of Example 
24(a) to yield N-carbobenzyloxy-4-l(2-thienyl)methyleneJ-L-proline. Hydrogenation of this material 
according to the procedure of Example 24(b) yields cis-4-l(2-thlenyl)-methyl]-L-proline. 

15 c) [1 (S).4R]-1-[3-(Acetylthio)-2-methyr-1-oxopropyl]-4-[(2-thienyl)methyl]-L-proline 1 5 

Reaction of cis-4-[(2-thienyl)methylJ-L-proline with D-3-acetylthio-2-methylpropionyl chloride 
according to the procedure of Example 24 (c) yields 11 (S),4RJ-1 -l3-(acetylthio)-2-methyl-1 -oxopropylj- 
4-l(2-thienyl)methylJ-L-proline. 

d) [1 {S),4R]-1-{3-Mercapto-2-methyl-l -oxopropyl)-4-[(2-thlenyl)methyl]-L-prolino 
20 Treatment of H (S),4RJ-1 -l3-(acetylthio)-2-methyl-1 -oxopropylJ-4-l(2-thlenyl)methylJ-L-prollne 20 
with aqueous ammonia according to the procedure of Example 24(d) yields H (S),4RJ-1 -(3-mercapto- 
2-methyl-1-oxopropyl)-4-l(2-thienyl)-methylJ-L-prollne. 

Example 33 

[1 (S),4S]-1 -(3~Mercapto-2-methyl-1 -oxopropyl)-4-[{3-thienyl)methyl]-L-prof ine 
25 a) [(3-Thienyl)methyl]triphenylphosphonium chloride 25 
Treatment of triphenylphosphine with 3-thienylmethyl chloride according to the procedure of 
Example 25(a) yields l(3-thienyl)methylJtriphenylphosphonlum chloride. 

b) cis-4-[(3-Thienyl)methyl]-L-proline 

l(3-Thlenyi)methylJtriphenylphosphonium chloride is reacted with sodium hydride in 
30 dimethylsulfoxide and then N-carbobenzyloxy-4-keto-L-proline according to the procedure of Example 30 
24(a) to yield N-carbobenzyloxy-4-[(3-thlenyl)methyieneJ-L-proline. Hydrogenation of this material 
according to the procedure of Example 24(b) yields cis-44(3-thienyl)methylJ-L-proline. 

c) [1 (S),4S]-1 -[3-( Acetylthio)-2-methyl-1 -oxopropyl]-4-[(3-thienyl)methyl]-L-proline 

Reaction of cis-4-l(3-thlenyl)methylJ-L-proline with D-3-acetylthio-2-methylpropionyl chloride 
35 according to the procedure of Example 24(c) yields [1 (S),4Sl-1 -[3-acetylthio)-2-methyl-1 -oxopropyl]- 35 
4-l(3-thienyl)methylJ-L-proIlne. 

d) [1 (S),4S]-1 -(3-Mercapto-2-methyl-1 -oxopropyl)-4-[(3-thlenyl)methyI]-L-proline 

Treatment of ll (S),4SJ-1 -l3-(acetyithio)-2-methyI-l-oxopropylJ-44(3-thienyl)methylJ-L-proline 
with aqueous ammonia according to the procedure of Example 24 (d) yields 11 (S),4SJ-1 -(3-mercapto- 
40 2-methyM -oxopropyl)-4-l(3-thienyl)methylJ-L-proline. 40 

Example 34 

[1 (S),4S]-1 -(3-Mercapto-2-methyl-1 -oxopropyi)-^-[(2-f uryl)ethyl]-L-proline 

a) [(2-Furyl)ethyl]triphenylphosphonlum chloride 

Treatment of triphenylphosphine with 2-furylethyl chloride according to the procedure of 
45 Example 25(a) yields l(2-furyl)ethylJtriphenylphosphonium chloride. 45 

b) cis-4-t{2-Furyl)ethyl]-L-proline 

l(2-Furyl)ethyljtriphenylphosphonium chloride is reacted with sodium hydride in 
dimethylsulfoxide and then N-carbobenzyIoxy-4-keto-L-proline, phenylmethyl ester according to the 
procedure of Example 24(a) to yield NH;arboben2yloxy4-l(2-furyl)ethyleneJ-L-prollne, phenylmethyl 
50 ester. Hydrogenation of this material according to the procedure of Example 24(b) yields cls-4-l(2- 50 
furyI)ethylJ-L-proline. 

c) [1 (S),4S]-1 -[3-( Acetylthio)-2-methyl-1 -oxopropyl]-4-[(2-furyl)ethyl]-L-proline 

Reaction of cis-4-l(2-furyl)ethylJ-L-proline with D-3-acetylthio-2-methylpropionyl chloride 
according to the procedure of Example 24(c) yields 11 (S),4SJ-1 -l3-(acetylthio)-2-methyI-1 -oxopropylj- 
65 4-l(2-furyl)ethylJ-Uproline. 55 
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d) [1(S),4S]-1.(3-Mercaptd-2-methyl-1-oxopropYl)-4.[(2.furvgethylR^^^ 

Treatment of 1 1 {S),4S]-1 -l3-(acetylthio)-2-methyH -oxopropylJ-4-U2-furyl)ethYll-L-proline with 
aqueous ammonia according to the procedure of Example 24(d) yields l1(S),4Sj-1-(3-mercapto-2- 
methyl-1-oxopropyl)-4-l|2-furyl)ethylJ-L-prollne. 

5 Example 35 i , ^ 

[1 (S),4S]-1 -(3-Mercapto-2-methyl-1 -oxopropyl|-4[(3-furyl)methylJ-L-prohne 
a) [{3-Furyl)methyl]triphenylphosphonium choride 

Treatment of triphenylphosphlne with S-furylmethyl chloride according to the procedure of 
Example 25(a) yields [(S-furyDmethyUtriphenylphosphonium chloride. 

.10 b) cis-4-[(3-Furyl)methylR-proline ^ ^ . ^° 

l(3-Furyl)methylJtriphenylphosphonium chloride is reacted with sodium hydride in 
dimethylsulfoxide and then N-carboben2yloxy-4-lceto-L-proline according to the procedure of Example 
24(a) to yield N-cart5obenzyloxy-4-l(3-furyl)-methyIeneJ-L-proline. Hydrogenation of this matenal 
according to the procedure of Example 24(b) yields cis-4-l(3-furyl)methylJ-L-proline. 

15 c) [1 {S),4S]-1 -[3-{Acetylthio)-2-methyl-1 -oxopropyl]-4-[(3-f uryl)methyl]-L-proline 1 5 

Reaction of cis-4-l(3-furyl)methylJ-L-proline with D-3-acetylthlo-2-methylpropionyl chlonde 
according to the procedure of Example 24(c) yields 11 (S).4SJ-1 43-(acetylthlo)-2-methyl-1 -oxopropylj- 
4-U3-furyl)methylJ-L-proIine. 

d) [1 (S).4S]-1 -(3-Mercapto-2-methyl-1 ^xopropyl)-4-[(3-fury!)methyl]-L-prollne 
20 Treatmemofl1(S),4SJ-l434acetylthlo)-2-methyl-lK)xopropylJ-44('3-furyl)me^^^ 20 

aqueous ammonia according to the procedure of Example 24(d) yields [1 (S),4S1-1 -(3-mercapto-2- 
methyi1-oxopropyl)-4-l(3-furyl)methylJ-L-proline. 
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[^(sT.4Sl^l^-(3-Mercapto-2-met 

a) [(4^Pyridyl)methylltriphenylphosphonium chloride 
Treatment of triphenylphosphlne with 4-pyridy I methyl chlonde according to the procedure of 

Example 25(a) yields l(4-pyridyl)methylJtriphenylphosphonium chloride. 

b) cis-4-[(4-Pyridyl)methyl]-L-proline ^ :j . 

I(4-Pyridyl)methyljtriphenyiphosphonium chloride Is reacted with sodium hydride m , on 

30 dimethylsulfoxide and then N-cart3obenzyloxy.4-keto-L-proline according to the procedure of Example 30 
24(a) to yield N-carbobenzyldxy-4-l(4-pyridyl)methyleneJ-L-proline. Hydrogenation of this material 
according to the procedure of Example 24(b) yields cIs-44(4-pyridyl)methylJ^L-proline. 

c) [1(S),4S]-l434Acetylthlo)-2-methyl-l-oxopropyll-4-[(4-pyridyO 

React on of cis-4-l(4-pyridyl)methyl]-L-prollne with D-3-acetylthio-2-methylpropionyl chloride 
35 accorS to the procedure of Ex 35 
4-l(4-pyridyl)methylJ-L-proline. 

d) ri(S) 4Sl-143-Mercapto-2-methyl-1-oxopropyl)-4-t(4-pyrldyl)methy!]-L.proH^ 

with aqueous ammonia according to the procedure of Example 24(d) yields 11 (S).4SJ-1 -(3-mercapto- ^ 
40 2-methyl-1 -oxopropyl)-4-l{4-pyridyl)methylJ-L-proline. 

[lTsT.4S5'-(3-Mercapto-2-methyl-1-oxopropyl)-4-[(cyclohexyImethyl]-^^^ 

a) nCyclohexyOmethylltrlphenylphosphonium chloride " j 

Treatment of triphenylphosphlne with cyclohexylmethyl chloride according to the procedure of 
45 Example 25(a) yields Ucyclohexyl)methylJtriphenylphosphonium chloride. 

b) cis-4-[(Cyciohexyl)methyl]-L-prollne u j ,„ 

KCyclohexyOmethylJtriphenylphosphonium chloride is reacted wrth sodium hydride in 

dimethylsulfoxide and then N-carbobenzyloxy-4-keto-L-proline according to the P™«»du;e jrf B«mple 
24(a) to yield N-carbobenzyloxy-4-l(cyclohexyl)methyleneJ-L-proline. Hydrogenation of this matenal 
50 according to the procedure of Example 24(b) yields cis-4-l{cyclohexyl)methylJ-L-proline. 

c) [1 (S).4S]-1-[3-(Acetylthio)-2-methyl-1 K)xopropyl]-4-[(cyclohBx^rt)methyl]-L-prollne 

React on of cis-4-l(cyclohexyl)methylJ-L-proline with D-3-acetylthio-2-methylpropionyl chloride 
accordrng to the procedure of Example 24(c) yields l1(S),4S]-1-l3-(acetylthio)-2-methyl-1-oxopropylJ- 
4-l(cyclohexyl)methylJ-L-proline. 
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d) [1 (S),4S]-1 -(3-Mercapto-2-methyl-1-oxopropyl)-4-[(cyclohexyl)methyl]-L-proline 

Treatment of H |S),4SJ-1 -l3-{acetylthio)-2-methyl-1 -oxopropyl]-4-l(cycIohexyl)methylJ-L-proline 
with aqueous ammonia according to the procedure of Example 24(d) yields 11 (S),4SJ"1 -{3-mercapto- 
2-methyl-1-oxopropyl)-4-[(cyclohexyI)methyl]-L-prollne. 

5 Example 38 5 
[1 (S),4S]-1 -(3-Mercapto-2-trtfluoromethyl-1 -oxopropyl)-4-(ph8nylmethyl)-L-proline 

a) [1 (S),4S]-1 -[3-[[(4>Methoxy)phenylmethyl]thio]-2-trifIuoromethyl-1-oxopropyl]-4- 

{phenylmethyl)-L-proIine 

3-[l(4-Methoxy)phenylmethy!jthioJ-2-trrfluoromethylpropionyl chloride is reacted with cis-4- 
1 0 (phenylmethyl)-L-proIine to yield [1 (S),4S]-1 -[3-[[(4-methoxy)phenylmethyl]thio]-2-trifluoromethyl-1 - 1 0 
oxopropyl]-4-(phenyImethylj-L-prollne. 

b) [1 (S),4S]-1 -{3-Mercapto-2-trif luoromethyH -oxopropyl)-4-(phenylmethyl)-L-prolme 

The [1 (S),4S]-1 -[3-[[(4-methoxy)phenylmethyl]-thio]-2-trlfluoromethyl-l -oxopropylI-4- 
(phenylmethyl)-L-prollne is mixed with trifluoroacetfc acid and anlsole under nitrogen. The solvents are 
1 5 removed under vacuum to yield as a residue 11 (S),4SJ-1 -{3-mercapto-2-trifluoromethyI-1 -oxopropyl)- 1 5 
4-(phenylmethyl)-L-proline. 

Example 39 

[1 (S),4S]-4-[(4-Fluorophenyf)methyl]-1 -(3-mercapto-2-niethylthio-1 -oxopropyI)-L-proline 

a) [1 (S),4S]-4-[(4-Fluorophenyl)methyl]-1 -[3-[[(4-methoxy)phenylmethyl]thio]-2-methylthio-1- 

20 oxopropyl]-L-proline 20 
3-ll(4-Methoxy)phenylmethylJthioJ-2--methylthiopropionyl chloride is reacted with cls-4-l(4- 
fluorophenyl)methylJ-L-proline to yield l1(S),4Sj-4-l(4-fluorophenyl)methy!j-1-l3-U(4- 
methoxy)phenylmethylJth!oJ-2-methylthio-1-oxopropylJ-L-proline. 

b) [1 (S),4S]-4-[(4-Fluorophenyl)m6thyl]-1-(3-m6rcapto-2-methylthio-1 -oxopropyl)-L-prol!ne 

25 The [1 (S),4Sj-4-l(4-fluorophenyl)methylJ-1 43-[l(4-methoxy)phenylmethylJthioJ-2-methylthio-1 - 25 

oxopropyiJ-L-proline is mixed with trifluoroacetic acid and anisole under nitrogen. The solvents are 
removed under vacuum to yield as a residue l1(S),4Sj-4-l(4-fluorophenyl)m8thylJ-1"{3-mercapto-2- 
methyl-thio-1-oxopropyl)-L-proline, 

Example 40 

30 t1 (S).4S]-4-[{4-Chlorophenyl)methyl]-1 -(3-mercapto-2-niethyl-1-oxopropyl)-L-proline 30 
a) [(4-Chlorophenyl)methyi]triphenylphosphonium chloride 

Triphenylphosphine (1 58 g., 0.60 mole) and 97 g, of 4-chlorobenzyl chloride are reacted in 800 
ml. of boiling xylene according to the procedure of Example 25(a) to yield 1 61 g. of colorless solid 1(4- 
chlorophenyDmethylJtriphenylphosphonium chloride; m.p. 283 — ^285°. 

35 b) IM-Carbobenzyioxy-4-[(4-chlorophenyl)methylene]-L-proline 35 
Interaction of 1 5.2 g. (0.32 mole) of 5096 sodium hydride (oil dispersion) with 300 ml. of 
dimethyl sulfoxide, followed by treatment with a suspension of 1 35 g. (0.32 mole) of 1(4- 
chlorophenyl)methyI]triphenylphosphonium chloride In 300 ml. of dimethyl sulfoxide (warmed to 70° 
and then cooled to 22°) and then with a solution of 26.4 g. (0.1 mole) of N-carboben2yloxy-4-keto-L- 

40 proline in 80 ml. of dimethyl sulfoxide according to the procedure of Example 24(a) gives 1 3 g. of pale 40 
yellow product as a sticky foam. This material is dissolved in 30 ml. of acetonltrile and treated with 6.5 
g. of dicyclohexylamine to yield 1 5.3 g. of nearly coloriess N-carboben2y!oxy-4-l(4- 
chlorophenyDmethyleneJ-L-proline, dicyclohexylamine salt; m.p. 1 80 — 1 82° (s. 1 77°); laJg^+6.2° (c. 
1%in chloroform). 

45 Anal. Calc'd. for CjoH^eCINO^ • C^jH^gN: 45 

C, 69.48; H,7.47;* N,5.07; CI, 6.41 
Found: C, 69.1 4; H, 7.20; N. 5.03; CI, 6.23. 

The above dicyclohexylamine salt (7.5 g.) is suspended in ethyl acetate and treated with 10% 
potassium bisulfate according to the procedure of Example 24(a) to give 5.3 g. of sticky N- 
50 carbobenzyloxy-4-l(4-chlorophenyl)methyleneJ-L-proline. 60 

c) cis-4-[(4-Chlorophenyl)methyl]'-L-proline hydrobromide 

A solution of 5.3 g. (0.01 4 mole) of N-carbobenzyIoxy-4-l(4-chlorophenyl)methyleneJ-L-proline 
in 1 50 ml. of ethanol Is treated with 0.45 g. of platinum dioxide and shaken on a Parr hydrogenator at a 
starting pressure of 1 5 lbs. (bottle guage). The uptake of hydrogen is carefully monitored and whenever 
55 the pressure falls to 5 lbs the bottle is replenished with hydrogen to 1 5 lbs. A noticeable slowing down 55 
of the rate of hydrogen uptake is observed after eight minutes and the hydrogenation is interrupted 
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after a total of ten minutes (21 .5 lbs. of hydrogen). The catalyst is filtered off (celite bed under nitrogen 
atmosphere), washed well with ethanol, and the combined filtrates are evaporated, finalJy at 0.2 mm., to 
yield 4.6 g. of N-carboben2yloxy-cls-4-l(4chlorophenyl)methylJ-L-proline as a colorless brittle foam. 

This material (4.5 g., 0.01 2 mole) is treated with 25 ml. of hydrogen bromide in acetic acid (30— 
32%), stoppered loosely, and stirred magnetically. After 30 minutes the yellow-orange mixture (some 5 
crystalline product separates) is diluted to 500 ml. with ether to complete precipitation and stirred with 
cooling for 30 minutes. The light pink product is filtered under nitrogen, washed with ether, and dried 
in vacuo to yield 3.3 g. of cis-4-l(4-chlorophenyl)methylH-proline, hydrobromide; m.p. 233— 235*^ 
(dec, preceded by gradual darlcenlng and sintering); ld"+1.5°. (c, 1% in methanol). 

Anal. Calc'd. for C,2H,4CIN02 • HBr: 10 

C, 44.95; H,4.72; N,4.37; Br, 24.92 
Found: 0,45.03; H,4.72; N,4.38; Br, 24.65. 

d) [1 (S),4S]-1 -[3-(Acetylthio)-2-methyI-1-oxopropyr]-4-[(4-chlorophenyl)methyl]-L-proline 

Interaction of cis-4-U4^hlorophenyl)-methylJ-L-proIine, hydrobromide (3.3 g.; 0.1 0 mole) and 
2.1 g. (0.01 1 6 mole) of D-3-acetylthio-2-methylpropionyl chloride in 35 ml. of water in the presence of 1 5 
sodium carbonate according to the procedure of Example 24(c) gives 4.0 g- of pale pinic glass-like 
product. The latter is dissolved in 30 ml. of ethyl acetate and treated with 2.0 g. of dlcyclohexylamine 
to yield 4.25 g. of crude dlcyclohexylamine salt; m.p. 188—190** (s. 181°); la:Jg5-67° (c, 1%in 
ethanol). Crystallization from 1 00 ml. of acetonitrile yields 3.6 g. of H (S),4SJ-1 -l3-(acetylthio)-2- 
methyl-1 -oxopropylJ-44(4-chlorophenyl)methylJ-L-prollne, dlcyclohexylamine salt; 1 89— 1 91 (s. 
1 81 *=»); laJgs-68*^ (c, 196 in ethanol). 

Anal. Calc'd. for C^eHaaCINO^S • C,2H23N: 

C, 63.75; H,8.02; N,4.96; CI, 6.27; S,5.67 
Found: C, 63.76; H,7.94; N,4.93; CI, 6.28; S,5.43. 

25 This purified dicyclohexylamine salt (3.5 g.) is converted to the free acid by suspending in ethyl 25 

acetate and treating with 1 0% potassium bisulfate according to the procedure of Example 24(c) to 
yield 2.5 g. of H (S),4SJ-1 -l3-(acetylthio)-2-methyl-1 .oxopropyll-4-l(4-chlorophenyl)methyl]-L-prolme 
as a sticky foam; lajg^-107° (c, 1% in ethanol). R|0.54 (90:5:5, methylene chloride:methanol:acetic 
acid on silica gel; visualized with phosphomolybdic acid plus heat). 

30 e)[1(S),4S]-4-[(4-Chlorophenyl)methyl]-1-(3-mercapto-2-methy!-1-oxopropyl)-L-prd^^ 30 

Treatment of U (S),4SJ-1 -l3-(acetylthio)-2-methyl-1 -oxopropylJ-4-t{4-chlorophenyl)methylJ-L- 
proline (2.4 g 0.0062 mole) with 4.5 ml. of concentrated ammonia hydroxide in 1 1 ml. of water 
according to the procedure of Example 2 gives 1 .95 g. of [1 (S),4SJ-4-l(chlorophenyl)-methylJ-1 -{3- 
mercapto-2-methyl-1 -oxopropyl)-L-proline as a colorless amorphous solid; m.p. 50—53 (s. ~43 ); 
35 laJS^-74^ (c, 1 % in ethanol). R, 0.46 (90:5:5 methylene chloride:methanol:acetic acid on silica gel; 35 
visualized with phosphomolybdic acid plus heat). 

' Anal. Calc'd. for CieH^oCINOgS • 0.25 H^O: 

C, 55.48; H, 5.96; N, 4.04; CI, 1 0.24; S, 9.26 
Found: 0,55.48; H,6.02; N,4.27; CI. 10.39; S,9.19. 

40 Treatment of this material with 1 -adamantanamlne In ethyl acetate yields H (S),4Sj-44(4- 40 
chlorophenyl)methylJ-1-(3-mercapto-2-methyl-1-oxopropyl)-L-proline, 1 -adamantanamlne salt; m.p. 

218—220^ (dec.) (s. 214°). 

H (sT4R]-^-(3-Mercapto-2-^ -oxopropyl)-4-phenyl, L-proline, sodium salt 
45 An aqueous solution of the product from Example 2 Is treated with a slight excess of sodium 45 
bicarbonate. The solution is lyophillzed to yield 11 (S),4R]-1-(3-mercapto-2.methyl-1-oxopropyl)-4- 
phenyl-L-proline, sodium salt. 



60 



55 



[l(S),4S]-l43-Mercapto-2-methyl-1-oxopropyl)-4-{phenylmethy!).L-proline^ sodium salt 

An aqueous solution of the product from Example 24 is treated with a slight excess of sodium 
bicarbonate. The solution is lyophilized to yield 11 (S),4Sj-1-(3-mercapto-2.methyl-1-oxopropyl)-4- 
(phenylmethyl)-L-prolina, sodium salt 

fr (sTl '{S)?^R,4'R]-1 ,1 '4Dlthiobis(2.methyl-1 -oxopropane-3,l-diyl)lbis[4-phenyl-L- proline] 

A solution of the product from Example 2 is dissolved in ethanol, stirred and treated with a 55 
solution of one equivalent of iodine in ethanol. The pH of the solution is maintained at 6—7 by the 
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addition of N-sodium hydroxide solution. The solvent is evaporated and the residue extracted with ethyl 
acetate. After drying over i\/lgS04, the solution is filtered and the solvent evaporated to give 
11 (S) J MSh4R,4'RJ~1 J '4Dlthiobis(2-methyi-1 -oxopropane-3,lKliyl)Jbisl4-phenyl-L^^ 

Example 44 

5 [1 (S),1 '(S),4S,4'S]-1 ,1 '-[Dithiobis(2<methyl-1 -oxopropane-3.1 -diyl)]bis[(4-phenylmethyl)-L- 5 
proline] 

A solution of the product from Example 24 is dissolved in ethanol, stirred and treated with a 
solution of one equivalent of iodine in ethanol. The pH of the solution is maintained at 6 — 7 by the 
addition of N-sodium hydroxide solution. The solvent is evaporated and the residue extracted with ethyl 
1 0 acetate. After drying over MgS04, the solution is filtered and the solvent evaporated to give 1 0 

11 (S),1 '(S),4S,4'SJ-'1 ,1 '-lcllthiobis(2-methy|.1 -oxopropane-3,1 -d!yl)Jbisl(4-phenylmethyl)-L-prolineJ. 

Example 45 

[1 (S),4R]-1 -[3-( Acetylthio)-2-mdthyl-1 -oxopropyl]-4-phenyl-L-proline, methyl ester 

A solution of the product from Example 1 in ether is treated with a slight excess of diazomethane. 
1 5 After standing at room temperature, the solvent is evaporated to give H (S),4RJ-1 -l3-(acetylthlo)-2- ^ 5 
methyl-1 -oxopropylJ-4-phenyl-L-prollne, methyl ester. 



Example 46 

[1 (S),4R]-1-(3-Mercapto-2-methyl-1-oxopropyl)-4-phenyl-L-proline, methyl ester 

The methyl ester product from Example 45 is treated with concentrated ammonia according to 
20 - the procedure of Example 2 to give 11 {S),4RJ-1 -(3-mercapto-2-methyl-1 -oxopropyl)-4-phenyl-L- 20 
proline, methyl ester. 



Example 47 

1 000 tablets each containing the following Ingredients 

11 (S),4SH -(3-Mercapto-2-methyl-1-oxopropyl)-4-(phenylmethyl}-L- 

25 proline 100 mg. 25 

Com starch 50 mg. 

Gelatin 7.5 mg. 

"Avfcel" (microcrystalline cellulose) 25 mg. 

Magnesium stearate 2.5 mg. 



30 185 mg. 30 

are prepared (from sufficient bulk quantities) by mixing the 11 (S),4SJ-1 -(3-mercapto-2-methyl-1- 
oxopropyl)-4-(phenylmethyl)-L-proline and corn starch with an aqueous solution of the gelatin. The 
mbcture is dried and ground to a fine powder. The "Avicel" and then the magnesium stearate are 
admixed with granulation. This mixture is then compressed in a tablet press to form 1000 tablets each 
35 containing 1 00 mg. of active ingredient. 35 
In a similar manner tablets containing 100 mg.oftheproductof any of Examples 1 to 23 and 25 
to 46 can be prepared. 

Example 48 

1 000 tablets each containing the following ingredients: 

40 11 (S),4SJ-1 -{3-Mercapto-2-methyl-1 -oxopropyl)-4-l(4- AO 

fluorophenyl)methylJ-L-proline 50 mg. 

Lactose 25 mg. 

"Avicel" 38 mg. 

Cornstarch 1 5 mg. 

45 Magnesium stearate 2 mg. 45 

130 mg. 



are prepared by admixing the L(S),4SJ-1 -{3-mercapto-2-methyl-1 -oxopropyl)-4-l{4- 
fluorophenyl)methylJ-L-proilne, lactose and "Avicel" and then blending with the corn starch. 
Magnesium stearate is added. The dry mixture is compressed in a tablet press to form 1 000 1 30 mg. 
50 tablets each containing 50 mg. of active ingredient The tablets are coated with a solution of 50 
"Methocel" E 1 5 (methyl cellulose) including as a colore lake containing yellow #6. 

In a similar manner tablets containing 50 mg. of the product of any of Examples 1 to 24 and 26 
to 46 can be prepared. 
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Example 49 

Two piece #1 gelatin capsules each containing 1 00 mg. of 11 (S),4RJ-1 -(3-mercapto-2"methyl-l- 
oxopropyl)-4-phenyl-L-proline, sodium salt, are filled with a mixture of the following ingredients: 

H {S),4RJ-1 -(3-Mercapto-2-methyI-1 -oxopropyl)-4-phenyl-L-proline, 
5 sodium salt lOOmg. 5 

Magnesium stearate ^ "^9- 

Lactose * 

In a similar manner capsules containing 100 mg. of the product of any of Examples 1 to 40 or 42 
to 46 can be prepared. 

10 Example 50 10 

An injectable solution is prepared as follows: 

11 (S),4Rj-4-Cyclohexyl-1 -(3-mercapto-2-methyl-1 -oxopropyl)-L-proline 500 g. 
Methyl paraben ^ 9- 

Propyl paraben ^ 9- 

15 Sodium chloride 25 g. 15 
Water for Injection qs. ° ' 

The active substance, preservatives and sodium chloride are dissolved in 3 liters of water for 
Injection and then the volume is brought up to 5 liters. The solution is filtered through a sterile filter and 
aseptlcally filled into presterillzed vials which are then closed with presterilized rubber closures. Each 
20 vial contains 5 ml. of solution in a concentration of 1 00 mg. of active ingredient per ml. of solution for 20 
injection. 

In a similar manner an injectable solution containing 1 GO mg. of active mgredients per ml. of 
solution can be prepared for the product of any of Example 1 to 6 and 8 to 46. 

Example 51 9- 

25 1 000 tablets each containing the folIov\Hng Ingredients: 

L1(S),4Sj-1-(3-Mercapto-2-methyl-1-oxopropyl)-4-(phenylmethyl)-L- 

proline J^O ^"9. 

"Avice!" (Microcrystalline cellulose) 1 00 mg. 

Hydrochlorothiazide J 2.5 mg. 
30 Lactose U.S.P. 3° 

Com starch U.S.P. 17.5mg. 

Stearic acid U.S.P. T^mg. 

350 mg. 

are produced from sufficient bulk quantities by slugging the l1(S),4Sj-1-(3-mercapto-2-methyl-1- 
35 oxopropyl)-4-(phenylmethyl)-L-prollne, "Avicel" and a portion of the stearic acid. The slugs are ground 35 
and passed through a #2 screen, then mixed with the hydrochlorothiazide, lactose, corn starch and 
remainder of the stearic acid. The mixture is compressed into 350 mg. capsule shaped tablets in a 
tablet press. The tablets are scored for dividing in half. 

In a similar manner tablets can be prepared containing 1 00 mg. of the product of any of Examples 
,40 1 to 23 and 25 to 46. 40 
("Avicel" and "Methocel" are registered Trade Marks) 

Claims 

1 . A compound of the formula 



R R H C>^ "^CH 

' ^1 I' 



73 ?2 



R -S-(CH)— CH-CO — N C.-r-^COOR 

4 n I {i*/ 



45 including salts thereof wherein 

R is hydrogen or lower alkyi; 
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R, is — (CHj)™ — cycloalkyl. 1-cyclohexenyl, 1,4-cyclohexadienyl, 



-(CHj) 



— <CHj)„— (a^naphthyl),— {CHa)„— (^-naphthyl), 

-''=«2>£f;il or -(CH2)-(o) 

5 R2 and R3 are independently selected from the group consisting of hydrogen, lower alkyi, lower 5 

alkylthio, and'halo substituted lower alkyi; - 
nis zero, one or two; 

R4 is hydrogen, a hydrolyzably removable protecting group, a chemically removable protecting ' 
group, or 

? A 
>\ 

10 1' 1' '1 I ' 10 

-s- (CH) CH« CO N c frr- coor 

H 

m is zero, one, two or three; 

R5 is hydrogen, lower alkyI of 1 to 4 carbons, lower alkoxy of 1 to 4 carbons, lower alkylthio of 1 
to 4 carbons, chloro, bromo, fluoro, trifiuoromethyl. hydroxy, phenyl, phenyloxy, phenylthio, or 
phenyl methyl; 

15 q is one, two or three provided that q is more than one only if Rg is hydrogen, methyl, methoxy, 1 5 

chioro, or fluoro; and 

X is oxygen or sulfur. 

2. The compound of Claim 1 wherein R is hydrogen; Rj is hydrogen, methyl, trifiuoromethyl, or 
methylthio; R3 is hydrogen; n is zero or one; and R4 is hydrogen, acetyl, or benzoyl. 
20 3. The compound of Claim 2 wherein R, is cyclohexyl or 20 



«5 

m Is zero, one or two; and R5 is hydrogen, methyl, methoxy, methylthio, chloro, fluoro, trifiuoromethyl, 
or hydroxy. 

4. The compound of Claim 3 wherein R, is cyclohexyl. 
25 5. The compound of Claim 4 wherein Rj is methyl; n is one; and R4 is hydrogen. 25 

6. The compound of Claim 5, H (S),4R]-4-cyclohexyl-1 -(3-mercapto-2-methyl-1 -oxopropyl)-L- 
proline. 

7. The compound of Claim 3 wherein R, is 



-(CH2) 



«5 



30 m is zero, one or two; and Rg is hydrogen, methyl, methoxy, methylthio, chloro, fluoro, trifiuoromethyl 30 
or hydroxy. 

8. The compound of Claim 7 wherein R, is phenyl. 

9. The compound of Claim 8 wherein Rj is methyl; n is one; and R^ is acetyl. 

1 0. The compound of Claim 8 wherein Rj is methyl; n is one; and R4 is hydrogen. 

35 11. The compound of Claim 1 0, H (S),4RJ-1 -(3-mercapto-2-methyl-1 -oxopropyl)-4-phenyl-L- 35 

proline. 

1 2. The compound of Claim 7 wherein R, Is phenylmethyl. 

1 3. The compound of Claim 1 2 wherein R2 is methyl; n is one; and R4 is acetyl. 

1 4. The compound of Claim 1 2 wherein Rj is methyl; n is one; and R4 is hydrogen. 

40 1 5. The compound of Claim 1 4, [1 {S),4S]-1 -(3-mercapto-2-methyl-1 -oxopropyl)-4- 40 

{phenylmethyl)-L-pro!ine. 

1 6. The compound of Claim 7 wherein R, is (4-fiuorophenyl)methyl. 

1 7. The compound of Claim 1 6 wherein R2 is methyl; n is one; and R4 is acetyl. 

1 8. The compound of Claim 1 6 wherein R2 is methyl; n is one; and R4 is hydrogen. 
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1 9. The compound of Claim 1 8, 11 (S),4SJ-4-l(4-fluorophenyJ)methylJ-1 -(3-mercapto-2-methyl- 
1 -oxopropyl)-L-proline, L-arginine salt. 

20. The compound of Claim 7 wherein R, Is (4-chlorophenyl)methyL 

21 . The compound of Claim 20 wherein is methyl; n Is one; and R4 is acetyl. 

5 22. The compound of Claim 20 wherein R^ is methyl; n is one; and R^ is hydrogen. 5 

23. The compound of Claim 22, l1(S),4SJ-4-l(4-chlorophenyl)methylJ-1-(3-mercapto-2-methyl- 
1 -oxopropyl)-L-proline. 

24. The compound of Claim 7 wherein R, phenylethyl 

25. The compound of Claim 24 wherein R^ is methyl; n is one; and R4 is acetyl. 

1 0 26. The compound of Claim 24 wherein R^ is methyl; n is one; and R4 is hydrogen. 1 0 

27. The compound of Claim 26, H (S),4SJ-1 -|3-mercapto-2-methyl-1 -oxoprQpyl)-4-phenylethyl)- 
L-proline. 

28. A compound of the formula 

H R_ 

/ \ 

H,C CH, 

• '1 I ' 

im C .-rr — COOR 

,(L) 

H 

1 5 wherein R is liydrogen or lower allcyl; 1 5 

R, is — (CHj)^ — cycloall<yl, 1 -cyclohexenyi, 1 ,4-cyclohexadienyl. 



-(CHj)„— (o^-naphthyl),— (CHj)^— (A-naphthyl, 



20 



20 

m is zero, one, two or three; 

Rg is hydrogen, lower alkyi of 1 to 4 carbons, lower alkoxy of 1 to 4 carbons, lower aikylthio of 1 
to 4 carbons, chloro, bromo, fluoro, trifluoromethyl, hydroxy, phenyl, phenyloxy, phenylthio, or 
phenylmethyl; 

q is one, two or three provided that q Is more than one only if Rg is hydrogen, methyl, methoxy, 
25 chloro, or fluoro; and 

X is oxygen or sulfur. 

29. The compound of Claim 28 wherein R, is cyclohexyl or 



•(CH2) 



.-<o> 



m is zero, one or two; and R5 is hydrogen, methyl, methoxy, methylthio, chloro, fluoro, trifluoromethyl 
30 or hydroxy. 30 

30. The compound of Claim 29 wherein R, is cyclohexyl. 

3 1 . The compound of Claim 29 wherein R, is phenyl. 

32. The compound of Claim 29 wherein R, is phenylmethyl. 

33. The compound of Claim 29 wherein R^ Is (4-fluorophenyl)methyl. 

35 34. The compound of Claim 29 wherein R, is (4-chloropheny I) methyl. SB 

35. A composition useful for treating hypertension comprising a phamiaceutically acceptable 
carrier and one or more hypotensive agents of the formula 

1^ I I I 

R^-S- (CH)- CH - CO — N C COOR 



Including pharmaceutically acceptable salts thereof wherein 
40' R is hydrogen or lower alkyI; 



40 
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R, Is — (CHj)^ — cycloalkyl, 1-cyclohexenyl, 1,4-cyclohexadIenyl, 



— <CH2)„— (o-naphthyl), — (CHj)„— <^phthyl), 

-<CH2>irO or ■ -<CH2)5r{0) 

5 R2 and R3 are independently selected from the group consisting of hydrogen, lower all^yl, lower 5 

allcylthio, and hato substituted lower atkyi; 
R4 is hydrogen, 

O 

II 

Re— C— , 

or 

10 i i I I 10 

-S-(CH)-CH-C0- N COOR 

H 

Rg is hydrogen, lower alkyi of 1 to 4 carbons, lower alkoxy of 1 to 4 carbons, lower alkylthio of 1 
to 4 carbons, chloro, bromo, fluoro, trifluoromethyl hydroxy, phenyl, phenyloxy, phenylthio or 
phenylmethyl; 

q is one, two or three provided that q is more than one only if Rg is hydrogen, methyl, methoxy, 
1 5 chloro or fluoro; ^ g 

Rg is lower alkyI of 1 to 6 carbons, halo substituted lower alkyI of 1 to 6 carbons, — (CHj)^ — 
cycloalkyl. 



So ^ N 



and 

20 ^ oxygen or sulfur. 20 

36. The composition of Claim 35 also including a diuretic. 

37. The method of alleviating hypertension which comprises administering an effective amount 
of the composition of Claim 35. 
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